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FOREWORD 

"Once upon a  time" man f r e e l y  t o o k  whatever  he  d e s i r e d  from t h e  
environment .  About 10,000 y e a r s  ago a  t r e n d  was i n i t i a t e d  away from such 
dependence upon t h e  h a r v e s t i n g  o f  t h e  w i l d  and toward dependence upon 
domes t ica ted  c r o p s .  As a  r e s u l t ,  p r i v a t e  r i g h t s  t o  p r o p e r t y  and i t s  
produce became e s t a b l i s h e d  and r e s o u r c e s  became c l a s s i f i e d  a s  w i l d ,  was te  
o r  u s e f u l .  Th i s  d e s c r i b e s  man's p r e s e n t - d a y  a t t i t u d e s  toward h i s  e n v i r o n -  
menta l  r e s o u r c e s  and,  i n  t h e  most  g e n e r a l  t e rms ,  t h e  t r e n d  o f  h i s  t h i n k i n g .  

Today it i s  recognized  t h a t  i t  i s  t h e  y i e l d  o f  man's renewable  
r e s o u r c e s  t h a t  w i l l  de te rmine ,  u l t i m a t e l y ,  t h e  s i z e  a t  which t h e  popula-  
t i o n  o f  any independent  p o l i t i c a l  u n i t  must  become s t a b i l i z e d .  Renewable 
r e s o u r c e s  a r e  t h o s e  t h a t  can be  h a r v e s t e d  and y e t  c o n t i n u e  t o  y i e l d  a t  
some s u s t a i n e d  p r o d u c t i o n  r a t e - a  p r o p e r t y  g e n e r a l l y  r e s t r i c t e d  t o  l i v i n g  
systems.  The l i m i t s  o f  maximum s u s t a i n e d  y i e l d  a r e  b e i n g  approached f o r  
t h e  renewable  r e s o u r c e s  o f  t h e  l a n d  c l a s s i f i e d  a s  u s e f u l ,  and man i s  be ing  
f o r c e d  t o  e x p l o i t  a r e a s  fo rmer ly  c o n s i d e r e d  was te  o r  w i l d ,  i n c l u d i n g  those  
o f  t h e  s e a .  

With t h e  e x p l o s i v e  i n c r e a s e  i n  human p o p u l a t i o n s ,  t h e  view t h a t  
w i l d  r e s o u r c e s  a r e  l'common proper ty ' '  f o r  anyone and everyone t o  t a k e  must 
change.  A l l  r e s o u r c e s ,  w i l d  i n c l u d e d ,  must  be  used t o  t h e  o p t i m a l  p u b l i c  
b e n e f i t ;  such b e n e f i t  b e i n g  d e f i n e d  t o  i n c l u d e  e s t h e t i c ,  r e c r e a t i o n a l ,  
h e a l t h ,  academic and commercial v a l u e s .  

P u b l i c  concern  over  problems o f  t h e  c l a s s i f i c a t i o n  and u s e  o f  land 
a r e a s  under  t h e  p r e s s u r e s  of  expanding p o p u l a t i o n s  i s  becoming g r e a t ,  
whereas a s  y e t  apa thy  and n e g l e c t  have been t y p i c a l  o f  t h e  p u b l i c  a t t i t u d e  
towards u s e  of  t h e  s e a .  Thus f a r  concern  has  been r e s e r v e d  c h i e f l y  f o r  
s i n g l e  purpose  usages  o f  sha l low w a t e r s  such a s  f o r  h a r b o r s ,  r e s o r t s ,  
mar ine  p a r k s  o r  f o r  was te  d i s p o s a l .  

I n  Hawaii most o f  t h e  p r o t e c t e d  a c c e s s i b l e  s h o r e  a r e a s  have been 
g r e a t l y  a l t e r e d  i n  r e c e n t  t ime. T h e r e f o r e ,  it i s  c r i t i c a l  t h a t  t h e  few 
remaining i n  a  r e l a t i v e l y  p r i s t i n e  c o n d i t i o n  be  s t u d i e d  t o  de te rmine  t h e i r  
r e a l  v a l u e  beyond t h a t  which i s  r e a d i l y  a p p a r e n t .  Much i n f o r m a t i o n  i s  
r e q u i r e d  i n  o r d e r  t o  p l a n  f o r  t h e  maximum long- term usage  o f  a  r e s o u r c e .  
S ince  r e s o u r c e s  such  a s  bays and o t h e r  u s a b l e  mar ine  a r e a s  a r e  s c a r c e  i n  
Hawaii ,  m u l t i p l e  purpose  u s e  must  be c o n s i d e r e d .  

Honaunau Bay l i e s  a d j a c e n t  t o  t h e  C i t y  o f  Refuge N a t i o n a l  H i s t o r i -  
c a l  P a r k  and indeed  i s  an i n t e g r a l  p a r t  o f  i t s  s e t t i n g .  However, a t  t h e  
p r e s e n t  t ime t h e  bay i s  t o t a l l y  u n p r o t e c t e d .  V i s i t o r s  t o  t h i s  a r e a  have 
doubled n e a r l y  t h r e e  t imes  i n  t h e  l a s t  f i v e  y e a r s ,  and t h i s  r a t e  shows 
s i g n s  o f  f u r t h e r  a c c e l e r a t i o n .  The t r e n d  toward p o l l u t i o n  o f  t h e  bay has  
a l r e a d y  been i n i t i a t e d  by u n d e s i r a b l e  p r a c t i c e s .  The f o l l o w i n g  t e x t  i s  a 
c o l l e c t i o n  of  s c i e n t i f i c  d a t a ,  r e s u l t s  and c o n c l u s i o n s  e s s e n t i a l  t o  t h e  
P a r k  S e r v i c e  i n  p r e v e n t i n g  t h i s  c o n t a m i n a t i o n  w h i l e  a t  t h e  same t ime  
deve lop ing  t h e  r e g i o n  f o r  maximum p u b l i c  u s e .  
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INTRODUCTION 

Th i s  r e p o r t  has  been prepared  pursuan t  t o  c o n t r a c t  number 

14-10-9-900-136 of t h e  f i s c a l  y e a r  1969 between t h e  Research Corpora t ion  

of t h e  U n i v e r s i t y  of Hawaii and t h e  Nat iona l  Park S e r v i c e ,  U.S. 

Department of t h e  I n t e r i o r .  The work was coo rd ina t ed  i n  t h e  Botany 

Department of t h e  U n i v e r s i t y  of Hawaii. The c o n t r a c t  was awarded t o  

conduct  s t u d i e s  of t h e  ecology of Honaunau Bay, C i t y  of Refuge Nat iona l  

H i s t o r i c a l  Park,  under t h e  a u t h o r i t y  of 16 U .  S. C. 462: H i s t o r i c  S i t e s ,  

Bu i l d ing ,  Objec t s  and A n t i q u i t i e s .  

Honaunau Bay i s  l o c a t e d  ( l g O  25' N; 155O 55 '  W) on t h e  Kona 

( leeward)  Coast  of  t h e  i s l a n d  of Hawaii. I t  l i e s  on t h e  wes te rn  s l o p e  

of  Mauna Loa approx imate ly  6  mi l e s  sou th  of t h e  edge of H u a l a l a i  Volcano. 

The in format ion  i n  t h e  p r e s e n t  t e x t  was provided by a  s p e c i a l l y  

c o n s t i t u t e d  adv i so ry  group whose s t u d i e s  of Honaunau Bay were organized 

around t h e  fo l lowing  a r e a s  of i n v e s t i g a t i o n :  

1 - geography and p h y s i c a l  n a t u r e  of  Honaunau Bay and i t s  

s e t t i n g ;  

2  - hydrography, t h e  chemical and p h y s i c a l  n a t u r e  of t h e  wate r  

i n  Honaunau Bay; 

3  - development of  hypotheses  concerning t h e  b i o l o g i c a l  

i n t e r r e l a t i o n s h i p s  between land and s e a  a t  p r e s e n t ;  

4 - de t e rmina t i on  of  t h e  d i s t r i b u t i o n ,  abundance and n a t u r e  of 

t h e  predominant and s p e c i a l  organisms, i n c l u d i n g  

5 - a n a l y s i s  of 

seaweeds,  

p l ank ton  and microorganisms, 

c o r a l s ,  

mo l lu sks ,  

c r u s  t a cea ,  

echinoderms, 

f i s h  (be ing  done i n  c o l l a b o r a t i o n  w i t h  t h e  

S t a t e  D iv i s i on  of F i s h  and Game f i s h  

moni to r ing  program) ; 

t h e  p r e s e n t  popu l a t i ons  of t h e  above mentioned 

organisms i n  r e f e r e n c e  t o  environmental  c o n d i t i o n s  i n  



o r d e r  t o  p r e d i c t  l i k e l y  p a t t e r n s  of c h a n g e \ i n  t h e s e  

p o p u l a t i o n s  w i t h  i n t e n s i f y i n g  human a c t i v i t y ;  

6 - f o r m u l a t i o n  of recommendations f o r  t h e  p r e s e r v a t i o n  of t h e  

b i o t a  and w a t e r s  of Honaunau i n  t h e i r  p r e s e n t  s t a t e .  

The e x t e n t  of i n v e s t i g a t i o n  (F ig .  1 ) was from Miana P o i n t  a t  t h e  

n o r t h  e x t r e m i t y  of Honaunau Bay t o  t h e  s o u t h e r n  t i p  of Alahaka Bay. 

However, f o r  compara t ive  purposes  some m a t e r i a l  p r e s e n t e d  h e r e  concerns  

n e i g h b o r i n g  bays ,  p r i n c i p a l l y  Kealakekua Bay l o c a t e d  2.5 m i l e s  n o r t h  of 

Honaunau Bay. 
\ 

As t h e  s t u d y  p rogressed  t h e  work became adap ted  t o  t h e  s p e c i a l  

c o n d i t i o n s  a t  Honaunau Bay. For  i n s t a n c e ,  due t o  t h e  inconsp icuoas  r o l e  

p layed by a l g a e ,  b i v a l v e  mol lusks  and c r u s t a c e a ,  l i t t l e  work was done 

w i t h  t h e s e  organisms.  When one r e g a r d s  t h e  g e n e r a l  c h a r a c t e r  of t h e  bay,  

i t  i s  n o t  s u r p r i s i n g  t o  f i n d  t h e s e ,  r e s p e c t i v e l y ,  h i g h  i n o r g a n i c  f e r t i -  

l i z e r  u t i l i z e r s  and d e t r i t u s  f e e d e r s  inconsp icuous .  Emphasis was 

i n c r e a s e d  a c c o r d i n g l y  on t h e  showpieces of Honaunau Bay, t h e  c o r a l s ,  

v e r t e b r a t e s ,  gas t ropod  mol lusks  and echinoderms. 

Foremost among t h e  peop le  who c o n t r i b u t e d  t ime  and e f f o r t  t o  t h i s  

s t u d y  was t h e  l a te  M r .  Fred Weld, a s s i s t a n t  t o  t h e  c o o r d i n a t o r .  He 

headed t h e  m a j o r i t y  of f i e l d  work and c o n t r i b u t e d  t o  t h e  a d v i s o r y  

committee t h e  m a j o r i t y  of manuscr ip t s  c o n s t i t u t i n g  t h i s  e c o l o g i c a l  s t u d y .  

Chap te r  9 on mol lusks  was c o n t r i b u t e d  by D r .  E. A l i s o n  Kay, 

Department of General  S c i e n c e ,  U n i v e r s i t y  of Hawaii. The m a t e r i a l  i n  

Chapter  2 ,  Geology, was l a r g e l y  w r i t t e n  by D r .  Gordon A. Macdonald, 

Department o f  Geosciences ,  U n i v e r s i t y  o f  Hawaii. Chap te r  8 on c o r a l  

was c o n t r i b u t e d  by M r .  E r i c  P r e s t o n ,  Department of Zoology, U n i v e r s i t y  of 

Hawaii. Chap te r  10 on s e a  u r c h i n s  was c o n t r i b u t e d  by M r .  Donald Kelso ,  

Department o f  Zoology, U n i v e r s i t y  of Hawaii. D r .  C h a r l e s  H. Lamoureux, 

Department of Botany, U n i v e r s i t y  of Hawaii ,  c o n t r i b u t e d  a s i g n i f i c a n t  

p o r t i o n  of Chap te r  1 4  on v a s c u l a r  p l a n t s .  

M r .  Michio  Takata  r e c e i v e s  our  s p e c i a l  thanks  f o r  d i r e c t i n g  t h e  

moni to r ing  of f i s h  p o p u l a t i o n s  an  a c t i v i t y  which cou ld  w e l l  be  extended 

t o  o t h e r  groups  of dominant organisms. For  s i m i l a r  r easons  a p p r e c i a t i o n  

i s  expressed  t o  M r .  Ralph H.  Tanimoto, Department o f  H e a l t h ,  S t a t e  of 

Hawaii ,  w,ho made t h e  m i c r o b i o l o g i c a l  a s s a y s  a v a i l a b l e ;  and t o  



HONAUNAU E 

FIGURE 1. Out l ine  of Honaunau Bay and environs 

i n d i c a t i n g  i t s  p o s i t i o n  i n  t h e  Hawaiian chain. 



D r .  Stephen L. Lau, Water Resources Research Center ,  Un ive r s i t y  of Hawaii, 

f o r  s i m i l a r  a s s i s t a n c e  w i th  t h e  chemical ana lyses .  

Of t h e  va r ious  g radua t e  a s s i s t a n c e  involved i n  t h i s  s tudy ,  

M r .  Michael Noonan a ided  i n  ga the r ing  much of t h e  f i e l d  d a t a  and 

Messrs, G .  K r a f t  and EI .  L i t t l e r ,  t h e  a l g a l  taxonomy. Persons s p e c i f i c a l l y  

a i d i n g  M r .  Henry Sakuda (and sometimes M r .  Kenj i  Ego) i n  t h e  F i s h  and 

Game surveys inc lude  Messrs.  T.  Fujimura, R. Kanayama, P. Kawamoto, 

E. Onizuka and C.  Vares. 

To t h e  end t h a t  Honaunau Bay and the  Ci ty  of Refuge N .  H. P. i s  

developed t o  t h e  maximum b e n e f i t  of t h e  people  of Hawaii, t h e  coord ina tor  

wishes t o  express  h i s  a p p r e c i a t i o n  t o  t h e  above and t o  t h e  f a r s igh t ednes s  

of t he  Park Se rv i ce  o f f i c i a l s  who encouraged t h e  making of t h i s  s tudy.  

Maxwell S. Doty 
Department of  Botany 
Un ive r s i t y  of Hawaii 



Chapter  1 

BACKGROUND 

A. The C i t y  of Refuge N a t i o n a l  H i s t o r i c a l  Park.  

The C i t y  of Refuge N .  H. P. (F ig .  1 ) was a u t h o r i z e d  by a n  a c t  of 

Congress i n  1955 and, a f t e r  l and  a c q u i s i t i o n ,  r e s i d e n t  a d m i n i s t r a t i o n  

and e s t ab l i shmen t  took p l a c e  i n  1961. I t  i s  s i t u a t e d  n e a r  t h e  middle 

o f  t h e  Kona Coast  on t h e  i s l a n d  of Hawaii, and cove r s  a n  a r e a  of 180 

a c r e s  i n c l u d i n g  about  one m i l e  o f  s h o r e l i n e .  

The o l d  v i l l a g e  of Honaunau i s  j u s t  n o r t h  of t h e  pa rk ,  and t h e  

on ly  p o r t i o n  of Honaunau Bay under p r o t e c t i o n ,  - i.g., w i t h i n  park  

boundar ies ,  i s  l and  t o  t h e  mean h igh  t i d e  mark sur rounding  t h e  sou th  

t h i r d  of t h e  bay. ' U n l i k e  most a c c e s s i b l e  a r e a s  i n  Hawaii, t h e  Honaunau 

s e t t i n g  i s ,  excep t  f o r  i n t roduced  weedy v e g e t a t i o n ,  l a r g e l y  unchanged 

s i n c e  t h e  a r r i v a l  of Cap t i an  Cook i n  t h e  1700 's .  

Few p l a c e s  i n  Hawaii a r e  of g r e a t e r  h i s t o r i c a l  s i g n i f i c a n c e  than 

he r e .  The C i t y  of Refuge,  o r  more p rope r ly ,  t h e  P l a c e  of Refuge a t  

Hpnaunau, i s  t h e  a n c e s t r a l  home of Kamehameha t h e  Grea t ,  t h e  most famous 

member of t h e  Hawaiian d y n a s t i e s .  The most s a c r e d  temple of a n c i e n t  

Hawaii i s  Hale-o-Keawe, t h e  p r i n c i p a l  r e - c r e a t e d  a t t r a c t i o n  a t  t h e  park.  

Keawe i s  t r a d i t i o n a l l y  regarded  a s  Kamehameha's g r ea t -g r and fa the r .  He 

d i e d  i n  1610 and h i s  remains c o n s t i t u t e d  t h e  most impor tan t  d e i f i e d  

c o n t e n t s  of t h e  temple.  

Kamehameha t h e  Grea t  was t h e  f i r s t  monarch t o  u n i t e  t h e  Hawaiian 

I s l a n d s  i n t o  a  s i n g l e  kingdom. He began h i s  s u c c e s s f u l  conquest  i n  

1782 from Honaunau, t h e  t r a d i t i o n a l  s e a t  of t h e  Kingdom of  Kona. 

S h o r t l y  a f t e r  t h e  d e a t h  o f  Capta in  Cook t h e  s e a t  of power s h i f t e d  t o  

nearby Kai lua ,  and s t i l l  l a t e r  t o  Honolulu. Hence u n t i l  e a r l y  i n t o  t h e  

adven t  of wh i t e  man, Honaunau was t h e  r e l i g i o u s ,  c u l t u r a l  and p o l i t i c a l  

c e n t e r  of Hawaii. More s p e c i f i c a l l y  t h i s  pe r i od  l a s t e d  from t h e  r e i g n  

of Keawe, i n  t h e  l a t e  s i x t e e n t h  cen tu ry ,  t o  t h e  r i s e  of Kamehameha t h e  

Grea t ,  i n  t h e  l a t e  e i g h t e e n t h  cen tu ry .  

The a c t u a l  C i t y  o f  Refuge l i e s  on a  20-acre  l a v a  s h e l f  on t h e  

s o u t h  edge of Honaunau Bay. I t  and t h e  immediate env i rons  encompass 



a complex of r u i n s  r ep re sen t ing  almost  a l l  phases of a n c i e n t  Hawaiian 

c u l t u r e .  The re fuge  i s  enclosed wi th in  a  massive s tone  wa l l ,  t h e  Great  

Wall, b u i l t  over 550 yea r s  ago. Nearby i s  t h e  thatched temple o r  

mausoleum, Hale-o-Keawe,and a  p l a c e  of worship,  Alea lea  Heiau. The w a l l  

and he iau  have been r e s t o r e d ,  and t h e  temple r econs t ruc t ed ,  by t h e  

Nat iona l  Park Serv ice .  

The r e fuge  was e s t a b l i s h e d  a s  a  sanc tuary  f o r  non-combatants and 

defea ted  s o l d i e r s  i n  time of war, f o r  c r imina l s  and f o r  taboo breakers .  

The func t ion  of t h e  temple was i n  g r a n t i n g  s p i r i t u a l  p r o t e c t i o n  and 

s a f e t y  t o  such persons.  T r a d i t i o n  does n o t  t e l l  when t h i s  re fuge  a t  

Honaunau f i r s t  s t a r t e d ,  bu t  i t  i s  be l ieved  t o  have been i n  ope ra t i on  

be fo re  1492. Concepts of r e fuge  were p a r t  of t h e  Polynesian c u l t u r e ,  

and i t  i s  p r o b a b l e , t h e  Chiefs  of Kona e s t a b l i s h e d  a  re fuge  custom a t  

Honaunau r a t h e r  e a r l y  i n  t h e  h i s t o r y  of Hawaii. 

B. Climate.  

The Kona s i d e  of t h e  i s l a n d  of Hawaii i s  almost e n t i r e l y  c u t  o f f  

from t h e  n o r t h e a s t  t r a d e  winds t h a t  blow a g a i n s t  t h e  i s l a n d  most of t h e  

yea r .  Except f o r  a  b r i e f  more stormy per iod  from December through 

February,  t h e  c l ima te  i s  p l e a s a n t l y  and uniformly moderate, wi th  breezes  

of t h e  onshore-offshore v a r i e t y .  

Kona mornings a r e  u sua l ly  c l e a r .  I n  t h e  e a r l y  hours  cool  b reezes  

blow onshore and clouds form a t  2,000 f e e t ,  caus ing  p r e c i p i t a t i o n  a t  

h ighe r  e l e v a t i o n s .  A t  even t ide  t he  winds c e a s e  and clouds d i sappear .  

Cool n i g h t  a i r  flows down t h e  mountain s lopes  and a c r o s s  t h e  c o a s t a l  

a r e a  toward t h e  s ea .  

There is  l i t t l e  v a r i a t i o n  i n  temperature  (Fig.  2  ) from month t o  

month. The average annual maximum i s  88' and t h e  minimum, 65'. The 

day-night  d i f f e r e n c e  i s  20'. I n  t h e  summer t h e r e  a r e  occas iona l  

uncomfortable warm days when humidity i s  h igh  and e i r  movement i s  

minimal. R a i n f a l l  nea r  t h e  c o a s t  (F ig .  3 ) i s  low, bu t  remains r a t h e r  

uniform a t  about  two inches  per  month throughout t h e  year .  It i s  

h ighes t  i n  June, lowest  i n  December. The annual  average  i s  20 inches .  

The maximum r a t e  of f a l l  i s  an inch  an  hour ,  b u t  prolonged showers a r e  

unusual.  The cons t ruc t ion  season i s  year-round. 
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FIGURE 2. Temperature ranges at the City of 
Refuge N. H. P. from July through December, 1967, 
and January through June, 1968. 
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FIGURE 3.  Monthly p rec ip i t a t ion  a t  the  City 

of Refuge N.  H. P. during 1967. 



Storms move through t h e  a r e a  more f r e q u e n t l y  from December 

through February b r ing ing  h igh  winds and s e v e r e  r a i n s  from t h e  west.  

These a r e  termed kona s torms,  and dur ing  such pe r iods  h igh  seas  and 

winds c r e a t e  cond i t i ons  s u f f i c i e n t l y  hazardous t o  j u s t i f y  c l o s i n g  t h e  

park s h o r e l i n e  t o  v i s i t o r s .  

Tsunamis ( t i d a l  waves) occur i n f r e q u e n t l y  on t h e  Kona Coast.  

There were t h r e e  major t i d a l  waves i n  t h e  1800 ' s .  S ince  much of  t h e  

park i s  below t h e  50 f o o t  e l e v a t i o n ,  a  s p e c i a l  tsunami warning system 

has been i n s t a l l e d  by t h e  park i n  coopera t ion  wi th  t h e  County C i v i l  

Defense appara tus .  

C. E x p l o i t a t i o n  of t h e  Hab i t a t .  

The awesome magnitude of t h e  c u r r e n t  t o u r i s t  boom i s  i n d i c a t e d  

i n  Table  1. 

TABLE 1. Annual number of v i s i t o r s  t o  t h e  Ci ty  of  Refuge 

N .  H. P. s i n c e  i t s  es tab l i shment  i n  1961. 

Year Annual number of  v i s i t o r s  

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 (es t imated)  

Besides  v i s i t o r s  by land ,  fou r  t ou r  v e s s e l s  p r e s e n t l y  s e r v i c e  t h e  

a r e a  from Kailua-Kona. The Jeann ie  Marie I11 and Jeann ie  Marie I V ,  wi th  

c a p a c i t i e s  of 90 persons each,  schedule  once d a i l y  c r u i s e s  i n  w in t e r ,  

twice d a i l y  i n  summer, t o  Captain Cook's Monument i n  Keakalekua Bay, 



two mi les  n o r t h  of t h e  C i ty  of Refuge. They s t a y  a t  t h e  monument and do 

n o t  v i s i t  Honaunau Bay. The two o t h e r  v e s s e l s ,  Captain Cook I V  and 

Kaimanu, each have c a p a c i t i e s  of 180 persons.  They make d a i l y  t r i p s  

yea r  round t o  Kealakekua Bay and Honaunau Bay, b u t  do n o t  s t o p  du r ing  

t h e  c r u i s e .  

I n  a  r ecen t  s tudy  of Kealakekua Bay, t h e  a r e a  around Captain 

Cook's Monument was found t o  be  l i t t e r e d  wi th  t r a s h .  Some of t h e  

bottom i s  l i t t e r e d  w i th  c o r a l  dead and broken o f f  by c o l l e c t o r s  and 

dragging anchors.  Due t o  complaints  over  t he se  cond i t i ons ,  t h e  

Capta in  Cook I V  i n  January 1969 d iscont inued  i t s  t r a d i t i o n a l  s topover  

a t  t h e  monument f o r  swimming and glass-bottom boa t  tour ing .  

The park extends a long  t h e  ocean shore  a t  t h e  mean h igh  t i d e  mark 

from t h e  south  t h i r d  of Honaunau Bay through Alahaka Bay and p a r t  of 

K i i l a e  Bay, Both t h e  c e n t r a l  and n o r t h  s h o r e l i n e s  of Honaunau Bay l i e  

o u t s i d e  t h e  park,  and i n  t e r m s  of s c e n i c  p r o t e c t i o n ,  p r e s e r v a t i o n  and 

a r chaeo log ica l  importance t h i s  i s  most unfor tuna te .  While t o u r i n g  i n  

1823 Reverend William E l l i s  es t imated  Honaunau was a  v i l l a g e  of 147 

b u i l d i n g s ,  and f u l l y  a  t h i r d  of t he se  most l i k e l y  s tood  a long  t h e  

n o r t h  shore.  One has  only t o  v i s i t  nearby Keauhou o r  Kai lua  Bays t o  s e e  

t h e  r e s u l t s  of r ecen t  and i n t e n s e  p o l l u t i o n  of unprotected reg ions .  

Severa l  sugges t ions  have been o f f e r ed  t o  he lp  p re se rve  t h e  

Honanunau Bay and s e t t i n g .  A l l  would b r ing  t h e  bay more f u l l y  under 

c o n t r o l  of the  Nat iona l  Park Serv ice .  One sugges t ion  i s  purchase of t h e  

e n t i r e  bay per iphery ,  p a r t i c u l a r l y  t h e  n o r t h  shore .  Another involves  

purchasing in s t ead  a  s c e n i c  easement of t h e  land.  A t h i r d  sugges t ion  i s  

t o  make a  n a t u r a l  p reserve  of a l l  waters  i n sho re  of a  l i n e  drawn from 

Miana P o i n t  t o  Loa Po in t  ( ~ i g .  1 ) ,  a  d i s t a n c e  s l i g h t l y  l e s s  than  two 

mi l e s .  E s t a b l i s h i n g  such a  p re se rve  would v a s t l y  a i d  i n  main ta in ing  

t h e  beauty and n a t u r a l  importance of t h i s  w i lde rnes s  a r e a  f o r  t h e  

enrichment of f u t u r e  gene ra t i ons ,  and conversely,  t h e r e  i s  no reason  a t  

a l l  t o  expec t  t h a t  t h i s  bay w i l l  n o t  become murky and more p o l l u t e d  i n  

t h e  nea r  f u t u r e  wi thout  p r o t e c t i v e  measures. The imp l i ca t i ons  of t h e  

p r e s e n t  Kona Coast popula t ion  i n f l u x  cannot be  minimized. The e n t i r e  

c o a s t  i s  undergoing development a t  an a s t o n i s h i n g  r a t e ,  and terming t h e  

r eg ion  a tw i lde rnes s  a r e a  i s  i n  i t s e l f  a l r eady  a n a c h r o n i s t i c  and f a n c i f u l .  



A t  t h e  p r e s e n t  t ime, e x p l o i t a t i o n  of t h e  marine a r e a s  a t  

Honaunau ranges  from minimal t o  d e t r i m e n t a l .  I t  p r i n c i p a l l y  inc luded  

t r a s h  dumping and t h e  t ak ing  of c o r a l ,  f i s h ,  mol lusks  and c r u s t a c e a .  

A dozen o u t r i g g e r  f i s h i n g  canoes  a r e  s t o r e d  on t h e  beach of 

Kapuwa'i cove.  Opelu ( ~ e c a p t e r u s  p i n n u l a t u s ) ,  a  mackere l - l ike  f i s h ,  

i s  caught  o f f s h o r e  by l i n e  a t  n i g h t .  Park  r eco rds  s t a t e  t h e r e  a r e  f ou r  

thousand i n s t a n c e s  of t h i s  type  of f i s h i n g  p e r  yea r ,  b u t  du r ing  t h e  

p r e s e n t  survey ,  no more than  f i v e  b o a t s  were o u t  on any one n i g h t .  

P o l e  f i s h i n g  a long  t h e  sho re  i s  popu l a r ,  a s  i s  a l s o  n e t  f i s h i n g .  

Opelu s choo l s  a r e  n e t t e d  by day from o u t r i g g e r s ,  and a long  t h e  s h o r e  

one may obse rve  throw n e t t i n g  i n  t h e  t r a d i t i o n a l  Hawaiian manner. 

Surrounding n e t s  a r e  a l s o  commonly used i n  Honaunau Bay. I n  t h i s  c a s e  a  

n e t  i s  s t r e t c h e d  a c r o s s  a  s e c t i o n  of t h e  bay and swimmers chase  t h e  f i s h  

toward i t .  A s  t h e  f i s h  approach t h e  n e t  t h e  ends a r e  brought  t o g e t h e r ,  

su r rounding  t h e  f i s h .  F o r t y  f i s h  were observed by one r e s e a r c h e r  t o  be  

caught  o f f  Hale-o-Keawe by seven men i n  one 20-minute s t r e t c h i n g  of t h e  

n e t .  F i s h  a r e  a l s o  speared  bo th  by d i v e r s  and, i n  t h e  evening,  from 

t h e  s h o r e l i n e .  A t  t h e  t ime of t h e  survey ,  however, r e l a t i v e l y  l i t t l e  

s p e a r f i s h i n g  was observed. 

A s  no ted  i n  Chapter  12,  f i s h  a r e  ve ry  abundant  h e r e  c o n t r a s t e d  

w i t h  popula ted  a r e a s  i n  Hawaii. However, i n  a c a s u a l  SCUBA survey of 

t h e  c o a s t l i n e  from Honaunau sou th  p a s t  Loa P o i n t ,  i t  w a s  observed t h a t  

f i s h  (and l o b s t e r )  popu l a t i ons  d r a m a t i c a l l y  i nc r ea sed  a s  one approached 

t o t a l l y  un inhab i ted  a r e a s .  Hence, we p r e s e n t l y  have s t r o n g  human 

f o r a g i n g  f a c t o r s  even h e r e  i n  seemingly remote Honaunau, and w i t h  

adequa te  p r o t e c t i v e  measures t h e  popu l a t i ons  may ve ry  w e l l  b e  expected 

t o  i n c r e a s e .  A s  a n  a s i d e ,  l and  has  been c l e a r e d  f o r  numerous sub- 

d i v i s i o n s  sou th  of Loa P o i n t ,  and i t  i s  ex t remely  doub t fu l  t h a t  even 

minimum p r o t e c t i v e  measures w i l l  be  t aken  t o  sa feguard  t h e  r i c h  

s h o r e l i n e  b i o t a  i n  t h i s  a r e a .  

Var ious  mol lusks ,  p r i n c i p a l l y  o p i h i s  ( ~ e l l a n a  spp.)  and p i p i p i s  

( ~ e r i t a  s p p . ) ;  and c r u s t a c e a ,  t h e  ama c r a b   rapsus us g r apsus ) ,  are 

popu l a r l y  c o l l e c t e d  i n  t i depoo l s  f o r  human consumption. A l l  manner of 

s e a l i f e  i s  taken  from t i d e p o o l s  and r ek f  a r e a s  a s  f i s h i n g  b a i t .  



Lobs t e r s  a r e  s c a n t  h e r e ,  found on ly  by knowledgeable d i v e r s .  

Neve r the l e s s ,  they a r e  hun ted  and e a t e n .  Seven-eleven c r a b s  ( ~ a r p i l i u s  

macula tus  L.) a r e  caught  o f f  Miana Po in t .  Kona c r a b s  ( ~ a n i n a  s e r r a t a )  

a r e  t rapped  i n  sandy a r e a s  a t  dep th s  o f  200 t o  300 f e e t ,  p r i n c i p a l l y  

i n  f r o n t  of Alahaka Bay. I11 t imes p a s t  i t  i s  r epo r t ed  t h e  Kona c r a b  

popu l a t i on  ha s  been s e v e r e l y  decimated i n  t h i s  manner. 

Sk in  d i v e r s  c o l l e c t  a l l  manner of s h e l l s ,  and d u r i n g  t h e  survey 

a team of d i v e r s  from a l o c a l  c u r i o  shop c o l l e c t e d  young, budding c o r a l  

heads  from Honaunau Bay f o r  s a l e  t o  t o u r i s t s .  

A b l i g h t  from l i t t e r i n g  i s  a n  a r t i f i c i a l  r e e f  c o n s t r u c t e d  and 

l e f t  i n  Honaunau Bay d u r i n g  t h e  f i l m i n g  s e v e r a l  y e a r s  ago of t h e  movie, 

I c e  S t a t i o n  Zebra. There  i s  a l s o  a n  abundance of  bee r  b o t t l e s  and 

t r a s h  i n  sha l low wa te r  f r o n t i n g  t h e  Japanese Young Men's p a v i l l i o n  nea r  

t h e  n o r t h e a s t  reach  of t h e  bay. 

D.  Survey a i d s .  

The v a r i o u s  maps and p r o f i l e s  inc luded  i n  t h i s  r e p o r t  were t aken  

from Coast  and Geodet ic  Survey Cha r t s ,  U.S. Geolog ica l  Survey c h a r t s ,  

Army Map S e r v i c e  Maps and from ae r i a1 ,pho tog raphs .  The b a s i c  maps and 

c h a r t s  a r e  a v a i l a b l e  from a v a r i e t y  of sou rce s ,  i n c l u d i n g  T rans -Pac i f i c  

Ins t rument  Company, 1406 Colburn,  Honolulu, and t h e  U.  S. Geolog ica l  

Survey, 345 Midd l e f i e l d  Road, Menlo Park,  C a l i f o r n i a .  Used most 

f r e q u e n t l y  i n  

4123 (1967).  

A e r i a l  

p r e s e n t  one. 

c e r n s  ( l i s t e d  

t h i s  survey were  USGS map 5106 (1959) and USC&GS c h a r t  

photographs a r e  p a r t i c u l a r l y  u s e f u l  i n  s t u d i e s  such a s  t h e  

Most of t h e  commerical Honolulu a e r i a l  photography con- 

under Photographers-Aeria l  i n  t h e  ye l low pages)  have s e t s  

o r  a c c e s s  t o  s e t s  o f  t h e s e  photographs,  o r  they may be  purchased from 

t h e  A e r i a l  Photography D i v i s i o n  of t h e  A g r i c u l t u r a l  S t a b i l i z a t i o n  and 

Conserva t ion  Se rv i ce ,  U .  S. D. A . ,  2505 P a r l e y ' s  Way, S a l t  Lake C i t y ,  

Utah. A e r i a l  photographs o f  v a r i o u s  s p e c i f i c a t i o n s  a r e  a l s o  f i l e d  by 

t h e  Land Study Bureau, U n i v e r s i t y  of Hawaii, and by t h e  E a r t h  Sc iences  

Department,  Hawaii I n s t i t u t e  o f  Geophysics, U n i v e r s i t y  o f  Hawaii. 

The C i t y  of Refuge N.  H. P. has  e x t e n s i v e l y  chronologed t h e  

h i s t o r y  o f  t h e  r eg ion  i n  photographs,  i n c l u d i n g  some e a r l y  a e r i a l  views. 



The p r i n t s  a r e  mounted, numbered and d e s c r i b e d ,  and r ep roduc t i ons  a r e  

a v a i l a b l e  through t h e i r  cou r t e sy .  



Chapter  2  

GEOLOGY 

The i s l a n d  of Hawaii  i s  l o c a t e d  a t  t h e  s o u t h e a s t e r n  end of t h e  

Hawaiian c h a i n ,  t h e  younges t  and most l o f t y  o f  t h e  group. The C i t y  of 

Refuge N .  H. P. l i e s  on t h e  w e s t e r n  s l o p e  of Mauna Loa (13 ,680) ,  n e a r  

t h e  middle  of t h e  Kona C o a s t ,  approximately  21 m i l e s  due wes t  of t h e  

summit and s i x  m i l e s  s o u t h  of H u a l a l a i  Volcano. The g e n e r a l  s l o p e  of 

Mauna Loa i s  n o t  s e v e r e .  I t  drops  a b o u t  500 f e e t  p e r  m i l e ,  a  g r a d i e n t  

of 12 .5  p e r  c e n t  o r  7.2 d e g r e e s .  The s l o p e  c o n t i n u e s  benea th  t h e  s e a  t o  

t h e  2,000 fathom l i n e  1 4  n a u t i c a l  m i l e s  o f f s h o r e ,  a t  a  g r a d i e n t  of 1 4 . 1  

p e r  c e n t  o r  a b o u t  e i g h t  degrees .  Below t h i s  d e p t h  t h e  s l o p e  f l a t t e n s  

o u t  i n  a  w e s t e r l y  d i r e c t i o n .  

The p r i n c i p a l  p h y s i c a l  f e a t u r e  i n  t h e  C i t y  of Refuge N .  H. P. i s  

s m a l l  and a t t r a c t i v e  Honaunau Bay. I t  l i e s  2.5 m i l e s  s o u t h  of 

Kealakekua Eay where C a p t a i n  Cook was k i l l e d ,  and a l i t t l e  n o r t h  of t h e  

o l d  v i l l a g e  o f  Hookena where Rober t  Louis  S tevenson  d i d  some of h i s  

w r i t i n g .  

Most of t h e  pa rk  l i e s  below t h e  30 f o o t  c o n t o u r .  The s h o r e l i n e  

i s  f l a t .  The s l o p e  of t h e  l a n d  rises g r a d u a l l y  t o  a  f a u l t  escarpment ,  

P a l i  Alahaka,  which i s  120 f e e t  h i g h  a t  i t s  h i g h e s t  p o i n t  w i t h i n  t h e  

pa rk .  There  i s  l o c a l  quake a c t i v i t y  connected w i t h  t h i s  f a u l t .  The 

l a s t  s e r i o u s  quake occured i n  1951, r a z i n g  many b u i l d i n g s  i n  t h e  

v i c i n i t y  of t h e  pa rk .  

The m a j o r i t y  o f  t h e  p a r t  t e r r a i n  i s  b a r e  pahoehoe l a v a .  It i s  

exceed ing ly  rough w i t h  b i l l o w s ,  p o c k e t s ,  c r a c k s  and l o o s e  rocks .  The 

n o r t h  end of t h e  P l a c e  Grounds ( ~ i g .  4  ) i s  g r a s s y  and 

coves  a r e  sandy. These a r e  t h e  on ly  sandy a r e a s  a l o n g  

c o n s i s t i n g  of a n  a t t r a c t i v e  m i x t u r e  of c o a r s e  and f i n e  

brown and g rey  p a r t i c l e s .  The major sand c o n s t i t u e n t s  

o b s i d i a n ,  o l i v i n e  and c a l c i u m  c a r b o n a t e  p a r t i c l e s .  

There  i s  v e r y  l i t t l e  s o i l  w i t h i n  t h e  p a r k .  The 

c o n s i s t s  of on ly  accumu1a;ions of weathered l a v a  b i t s ,  

t h e  two nearby  

t h e  pa rk  s h o r e l i n e ,  

b l a c k ,  w h i t e ,  

a r e  b a s a l t ,  

s o i l  p r e s e n t  

m a t e r i a l  from 

t h e  s e a  and v e g e t a l  d e b r i s  i n  p o c k e t s  and d e p r e s s i o n s  i n  t h e  pahoehoe 
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FIGURE 4. P r o f i l e  of Honaunau Bay w i t h  t h e  

p l a c e  names used i n  t h i s  survey.  



l a v a  t e r r a i n .  

The Honaunau.coasta1 p l a i n  on which t h e  C i t y  of Refuge i s  

s i t u a t e d  was formed by p r e h i s t o r i c  l a v a  flows from Mauna Loa, fol lowed 

by a  c o a s t a l  f a u l t  subs idence  which con t i nues  ( ~ p p l e  and Macdonald, 1966) 

today a t  a  s e t t l i n g  r a t e  of one f o o t  p e r  hundred y e a r s .  Mauna Loa i s  

s t i l l  a c t i v e .  It l a s t  e rup t ed  i n  1950 a t  which t i m e  t h r e e  l a v a  f lows 

descended t h e  wes te rn  s l o p e  of t h e  mountain and e n t e r e d  t h e  ocean. 

The nor thernmost  of t h e  f lows  reached t h e  s e a  seven mi l e s  sou th  of 

Honaunau Bay. 

Above Honaunau t h e  s l o p e  of  Mauna Loa c o n s i s t s  of innumerable 

t h i n  f lows of b a s a l t  l a v a .  North  of t h e  nor thernmos t  f low of 1950 a l l  of 

t h e  l a v a s  a r e  p r e h i s t o r i c ,  though they  a r e  of Recent geo log i c  age.  Both 

pahoehoe and aa types  a r e  p r e s e n t .  The a a  f lows  have rough c l i n k e r y  

s u r f a c e s ,  and o f t e n  c l i n k e r y  bottoms, w i th  r e l a t i v e l y  dense  massive 

c e n t r a l  p o r t i o n s .  The pahoehoe f lows have smooth, b i l l owy  o r  wr ink led  

("ropyt1) s u r f a c e s .  They commonly c o n t a i n  l a v e  t ubes ,  which a r e  t h e  

open p i p e - l i k e  channelways through which l i q u i d  l a v a  moved f eed ing  t h e  

f r o n t  of t h e  f low when i t  was a c t i v e .  A t  t h e  end of  t h e  e r u p t i o n  a  

dec r ea se  i n  t h e  supply  commonly a l l ows  t h e  l i q u i d  t o  d r a i n  o u t  of t h e  

channelways, l e a v i n g  t h e  p i p e - l i k e  tube  open. The l a v a  f lows formed 

l a y e r s  g e n e r a l l y  between f i v e  and 20 f e e t  t h i c k  which s l o p e  seaward 

over  most of t h e  wes t e rn  f l a n k  of t h e  vo lcano  a t  a n  a n g l e  of abou t  7 . 5  

deg ree s  from t h e  h o r i z o n t a l .  

Near s e a  l e v e l  t h e  wes t e rn  s l o p e  of Mauna Loa i s  broken by 

s e v e r a l  f a u l t s  on which t h e  p o r t i o n  of t h e  vo l cano  seaward of t h e  f a u l t  

h a s  moved downward r e l a t i v e  t o  t h a t  on t h e  landward s i d e .  The f a u l t s  

a r e  n o t  s i n g l e  f r a c t u r e s ,  b u t  groups of s u b p a r a l l e l  f r a c t u r e s  known a s  

f a u l t  systems. Two systems a f f e c t  t h e  a r e a  n e a r  Honaunau Bay. The 

Kaholo f a u l t  system l i e s  c l o s e  t o  t h e  s h o r e l i n e  from a p o i n t  j u s t  

s o u t h  of Honaunau southward f o r  15 mi l e s  o r  more,  t o  t h e  v i c i n i t y  of  

M i l o l i i .  Th i s  f a u l t  system has  produced a  seaward-facing c l i f f  ( f a u l t  

s c a r p )  t h a t  l i e s  one- four th  t o  one-half  m i l e  i n l a n d  from t h e  s h o r e l i n e .  

It h a s  been mantled by l a v a  f lows from t h e  upper s l o p e  of Mauna Loa. 

The cascades  and d r a p e r i e s  of l a v a  a long  t h e  b u r i e d  f a u l t  s c a r p  a r e  w e l l  

d i sp l ayed  j u s t  sou th  of t h e  a n c i e n t  C i t y  of Refuge a t  Honaunau. 



The C i ty  of Refuge i t s e l f  l i e s  on a c o a s t a l  f l a t  b u i l t  by a pahoehoe 

l ava  flow t h a t  spread ou t  below t h e  s ca rp .  

The f a u l t s  of t h e  Kealakekua system extend southeas t~aard  from 

t h e  head of t h e  bay f o r  about  t h r e e  m i l e s ,  then bend southward and 

d isappear  beneath younger l a v a  flows, a l though t h e  abnormally s t e e p  

s l o p e  i n d i c a t e s  t h a t  they probably cont inue  southward beneath t h e  l a v a  

cover f o r  a t  l e a s t  f o u r  mi l e s  more. Lava flows moving downslope over  

t h e  f a u l t  s c a r p  have spread  out  beyond i t  forming t h e  broad gent ly-  

s l op ing  apron t h a t  borders  t h e  c o a s t  between Kealakekua Bay and 

Honaunau. The Keei B a t t l e f i e l d  i s  loca t ed  on t h i s  f l a t .  

The only  h i s t o r i c  e rup t ion  w i t h i n  t h e  a r e a  took p l a c e  beneath 

t h e  ocean i n  1877. A t  t h a t  t i m e  ( ~ e b r u a r y  24, 1877) steam and fragments 

of l a v e  r o s e  a long  a west-northwest- t rending f i s s u r e  i n  Kealakekua Bay 

and f o r  a m i l e  o r  s o  f a r t h e r  ou t  t o  s ea .  A con t inua t ion  of t h e  crack 

i s  s a i d  ( ~ h i t n e y ,  1877) t o  have extended in l and  n e a r l y  3 miles ,  and 

c louds  of s team and smoke i ssued  from t h e  f i s s u r e  e i t h e r  i n  t h a t  a r e a  o r  

f a r t h e r  up t h e  mountainside ( ~ e s t e r v e l  t, 1916). The e rup t ion  was 

preceded by a s e v e r e  ear thquake.  



Chapter  3  

CURRENTS 

Measurements of t h e  c u r r e n t  system i n  Honaunau Bay were c a r r i e d  

ou t  om 6-111-69. On t h i s  d a t e  t h e  t i d e  reached f lood  s t a g e  a t  0500, 

receded 1 . 5  f e e t  t o  a n  ebb a t  1130, t hen  r o s e  1 . 6  f e e t  t o  a  second 

f l ood  a t  1800 hours .  Hence, t h e  t i d e  was f a l l i n g  du r ing  t h e  morning and 

r i s i n g  d u r i n g  t h e  a f t e rnoon  i n  a  13-hour c y c l e .  

Only movement i n  t h e  upper meter  of wa t e r  was measured. The 

wind was a b s e n t  i n  t h e  morning hou r s  and s l i g h t  from t h e  e a s t  d u r i n g  t h e  

a f t e rnoon .  Wind r e s i s t a n c e  was n o t  determined,  b u t  was cons idered  of 

minor importance due t o  i t s  absence  and t o  t h e  c o n s t r u c t i o n  of t h e  

c u r r e n t  dev i ce s .  

Time and equipment d i d  n o t  pe rmi t  more s o p h i s t i c a t e d  r e s e a r c h  

i n  " f l u s h i n g  times" of t h e  wa t e r  mass, de t e rmina t i on  of the rmocl ines  

and s o  f o r t h .  However, i n  a  s t udy  of nearby Kealakekua Bay i n  October 

1968, no thermocl ine  was d e t e c t e d  t o  a dep th  of 400 f e e t .  I n  t h e  p r e s e n t  

s t udy ,  emphasis was given t o  o v e r a l l  movement of t h e  upper meter  of wa t e r ,  

and t o  de te rming  s h i f t i n g  p a t t e r n s  i n  r e g i o n s  where b r a c k i s h  wa t e r  is  

concen t r a t ed .  

Seven c u r r e n t  drogues  of a  modif ied drogue-buoy des ign  were 

c o n s t r u c t e d  and t e s t e d  i n  t h e  f i e l d .  They c o n s i s t e d  of p a r t i a l l y  

submerged aluminum f l o a t s  suppo r t i ng  a wooden "X" frame. The frame was 

hung a t  a  dep th  of one mete r ,  h e l d  v e r t i c a l  by b a s a l t  we igh ts ,  and was 

made of f o u r  10-by-10-inch-square boards  n a i l e d  t o  a  c e n t e r  p o s t  a t  

r i g h t  a n g l e s  t o  one ano the r .  

The c u r r e n t  t o  one m i l e  o u t s i d e  t h e  bay was s o u t h e r l y  and s t r o n g  

(500 m/hr).  F l a g l i n e  f i s h i n g  b o a t s  beyond a  m i l e  o f f s h o r e  were no ted  

t o  be  d r i f t i n g  n o r t h .  According t o  l o c a l  f isherman,  t h e  c u r r e n t  t o  a  

m i l e  o u t  g e n e r a l l y  flows northwestward from A p r i l  t o  October a t  a 

s lower  pace  t han  i n  w i n t e r  months when t h e  d i r e c t i o n  i s  g e n e r a l l y  

s o u t h e r l y .  I n  November 1968 t h e  c u r r e n t s  i n  a nearby Kealakekua Bay 

were measured, and on t h a t  occas ion  t h e  o f f s h o r e  flow was s o u t h e r l y  and 

s t r o n g .  



At t h e  f l o o d  ( ~ i g .  5  ) t h e  upper  meter  of w a t e r  f l u s h e s  d i r e c t l y  

outward ( w e s t ) .  Then, a s  t h e  t i d e  r e c e d e s  ( F i g .  6  ), t h e  r a t e  quickens  

and t h e  d i r e c t i o n  s h i f t s  sou thwes t .  The r a t e  a g a i n  slows approach ing  

t h e  ebb ( ~ i g .  7 ), and t h e  d i r e c t i o n  of f low a t  t h i s  t ime  i s  s o u t h e r l y ,  

s i m i l a r  t o  t h a t  beyond t h e  bay. Along t h e  s o u t h  s h o r e  a t  t h i s  t ime  

movement i s  minimal and westward,  and t h e  drogues  tended t o  beach.  The 

r a t e  n e a r  ebb t i d e  a l o n g  t h e  e a s t e r n  s h o r e  i s  50 m/hr, which d i f f e r s  

from beyond t h e  bay by one o r d e r  of magnitude.  As t h e  t i d e  r i s e s  t h e  

c u r r e n t  quickens  and s e v e r a l  c i r c u l a r  p a t t e r n s  ( ~ i g .  8 ) a r e  i n s t i t u t e d .  

Movement i s  now n o r t h e r l y  a t  t h e  head of t h e  bay. 

The topography of a  bay a f f e c t s  i t s  c u r r e n t  system. I n  t h e  c a s e  

of Honaunau Bay, a  v e r y  deep t r e n c h  e x t e n d s  outward a l o n g  t h e  s o u t h f a c i n g  

s h o r e  w h i l e  t h e  m a j o r i t y  of t h e  bay i s  r e l a t i v e l y  f l a t .  During a 

r i s i n g  t i d e  t h e  c u r r e n t  buoys f l o a t  n o r t h  t o  t h e  t r e n c h  and then f o l l o w  

i t  westward t o  s e a .  They converge  over  t h e  t r e n c h  and a r e  then  c a r r i e d  

o u t  a t  a  quickened r a t e .  By c o n t r a s t ,  d u r i n g  a f a l l i n g  t i d e  t h e  buoys 

a r e  p u l l e d  o u t  t o  s e a  b e f o r e  d r i f t i n g  t h i s  f a r  n o r t h ,  and t h o s e  p laced  

over  t h e  t r e n c h  f l o a t  southwestward a c r o s s  i t  w i t h o u t  n o t i c e a b l e  

i n £  luence .  

The o n l y  major b r a c k i s h  a r e a s  i n  Honaunau Bay n o t  exposed,  a s  

measured by t h e  r a t e  t h a t  d rogues  f l o a t e d  t o  s e a ,  were  S t a t i o n s  12  and 

1 3  ( F i g .  9 ), and t o  a l e s s e r  e x t e n t  S t a t i o n s  15  and 1 6  a l o n g  t h e  s o u t h  

s h o r e .  However, t h e  volume of p e r c o l a t i o n  from t h e s e  two l a t t e r  s t a t i o n s  

i s  n o t  g r e a t .  The b r a c k i s h  l e n s e s  from S t a t i o n s  1 2  and 1 3  converge i n  a  

common channel  o f f  Puuehu r o c k  l e a d i n g  i n t o  t h e  bay p r o p e r .  Movement of 

t h e  w a t e r  from t h i s  r e g i o n  was c a r e f u l l y  s t u d i e d .  

F l u s h i n g  h e r e  i s  most r a p i d  d u r i n g  a f a l l i n g  t i d e .  One c u r r e n t  

buoy p laced  midway between Puuehu r o c k  and t h e  sandy s h o r e  o f  Keone-el i  

(st%-. 13) t r a v e l l e d  o v e r  200 m/hr a t  c h a t  t ime,  n o r t h  t h e n  wes t .  

Movement d u r i n g  a r i s i n g  t i d e  i s  similar e x c e p t  t h e  buoys a r e  

p u l l e d  northward f o r  a g r e a t e r  d i s t a n c e ,  u n t i l  o v e r  t h e  t r e n c h ,  and 

a r e  then swept westward t o  s e a .  Toward t h e  ebb,  when movement slows t o  

50 m/hr, t h e  buoys p laced  i n s i d e  Puuehu rock  immediate ly  beach.  O u t s i d e  

Puuehu rock  they move s l o w l y  westward a l o n g  t h e  s o u t h e r n  s h o r e  of t h e  

bay. 



LC 
... . . . .::..,.. -.. 

0 100 200 300 400 
... 
.. . ..... . .. ..... ... .. METERS 

,.. .. ... . . ...... .. 
? : . .... ,.,:,,..: :....:. .: .-. 

:..:/ .. . ,... - . . . . . , .. 
. : .  .::. .,. . 

.... : ':.,I .. ,... 
, .. .:. ,:.?.':> .,.. ..... . . ..::. ,.'. 

f / 

FIGURE 5. Movement of t h e  upper meter  of wate r  a t  f l o o d  

t i d e .  The numbers r e f e r  t o  mete rs  p e r  hour  a s  measured i n  

d i f f e r e n t  p a r t s  of t h e  bay. 
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FIGURE 6 .  Movement of t h e  upper meter  of  wate r  du r ing  

a f a l l i n g  t i d e .  The numbers r e f e r  t o  mete rs  p e r  hour  a s  

measured i n  d i f f e r e n t  p a r t s  of t h e  bay. 
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FIGURE 7.  Movement of t h e  upper meter of water  a t  ebb 

t i d e .  The numbers r e f e r  t o  meters  per  hour a s  measured i n  

d i f f e r e n t  p a r t s  of t h e  bay. 



FIGURE 8. Movement of t h e  upper meter of water  dur ing  

a r i s i n g  t i d e .  The numbers r e f e r  t o  meters  p e r  hour a s  

measured i n  d i f f e r e n t  p a r t s  of t h e  bay. 
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FIGURF, 9 .  Areas of brackish water concentration. 



The p r e s e n t  c u r r e n t  s t u d y  p o i n t s  up t h e  exposed n a t u r e  of 

Honaunau Bay r a t h e r - t h a n  d e m o n s t r a t i n g  p r o t e c t e d  a r e a s .  Whereas t h e  

i n l e t  Keone-el i  a p p e a r s  q u i t e  s h e l t e r e d  t o  t h e  eye ,  d u r i n g  bo th  f a l l i n g  

and r i s i n g  t i d e s  t h e  w a t e r  mass s h i f t e d  from t h i s  a r e a  i n t o  t h e  bay 

p r o p e r  a t  r a t e s  from 100 t o  200 m/hr. The nearby  deep t r e n c h  e x t e n d i n g  

t o  a lmos t  t h e  head of t h e  bay i s  i n s t r u m e n t a l  i n  t h i s  f l u s h i n g  p a t t e r n .  

I n  a  r e c e n t  s t u d y  o f  Kealakekua Bay, employing t h e  same equipment 

and r e s e a r c h e r ,  s h e l t e r i n g  was d r a m a t i c a l l y  emphasized. Movement a l o n g  

t h e  p e r i p h e r y  o f  t h i s  much l a r g e r  bay averaged on ly  50 m/hr, and 

f u r t h e r m o r e  t h e  buoys tended t o  remain w i t h i n  t h e  c o n f i n e s  of t h e  bay 

d u r i n g  t h e  e n t i r e  t i d e  c y c l e .  C o i n c i d e n t a l l y ,  t h e  i n c i d e n c e  of 

beach ing  was much h i g h e r  i n  Kealakekua Bay. 



Chapter  4  

BRACKISH WATERS 

"Brackish water" i n  t h i s  chap te r  r e f e r  s p e c i f  i 

p e r c o l a t i o n  i n t o  t h e  bay of water  from t h e  surrounding land mass. 

The s h o r e l i n e  from Miana Po in t  t o  Loa Po in t ,  two mi les  sou th  of 

Honaunau Bay, was surveyed f o r  such b rack i sh  water .  R a i n f a l l  was 

absen t  du r ing  and s e v e r a l  weeks p r i o r  t o  t h e  survey,  and most of t h e  

sampling was done near  ebb t i d e  when t h e  f reshwater  l e n s e s ,  o r  l a y e r s  of 

b rack ish  water  over lay ing  t h e  s e a  water ,  a r e  a t  a  maximum. No s t reams 

empty i n t o  t h e  a r e a  s tud i ed .  

The e n t i r e  per iphery  of Honaunau Bay and t h e  s h o r e l i n e  south  t o  

Alahaka Bay were surveyed f o r  b r ack i sh  water  on f o o t  and by boa t .  Tes t i ng  

was of s a l i n i t y  a s  shown on a  hand r e f r ac tome te r ,  lowered temperature  

and r e f r a c t i v e  tu rbulence  i n  t h e  a r e a  a s  noted w i t h  a  view box o r  f a c e  

mask. A t o t a l  of 19 d i s c r e t e  b rack i sh  s t a t i o n s  (Fig.  9  ) were 

e s t a b l i s h e d ,  17 of which a r e  w i t h i n  Honaunau Bay. 

The ma jo r i t y  of s t a t i o n s  was sampled on s e v e r a l  occasions,  and 

wi th  r e s u l t s   able 2 )  o f t e n  d i s s i m i l a r  due t o  t i d e  h e i g h t  d i f f e r e n c e s .  

Su r f ace  and depth  samples were taken from a v a r i e t y  of p o i n t s  near  each 

s t a t i o n .  Tes t s  were run t o  measure s a l i n i t y ,  temperature ,  t o t a l  

phosphate con ten t ,  t o t a l  n i t r a t e  con ten t ,  co l i fo rm count and f e c a l  

co l i fo rm count.  The n i t r a t e  and phosphate samples were immediately 

packed i n  d ry  i c e ,  and t h e  b a c t e r i a  samples s t o r e d  a t  40° C and 

immediately hand-carr ied by p lane  t o  t h e  Department of Hea l th  i n  

Honolulu f o r  a n a l y s i s .  

The volume of f reshwater  p e r c o l a t i n g  i n t o  Honaunau Bay i s  very  

cons ide rab l e  and i s  a t  a  maximum a t  S t a t i o n s  12 and 13, l oca t ed  n e a r  t h e  

head of t h e  bay. The brackish  l e n s e s  of t h e s e  two s t a t i o n s  converge a t  

Puuehu rock and emerge i n t o  t h e  bay proper  a s  a  s i n g l e  l ens .  This  i s  t h e  

only a r e a  i n  t h e  bay where a  b rack i sh  l e n s  i s  d e t e c t a b l e  by boa t ,  and i t  

i s  f u r t h e r  augmented by numerous p o i n t s  of f reshwater  seepage west  of 

S t a t i o n  1 3  t o  Hale-o-Keawe, c o l l e c t i v e l y  r e f e r r e d  t o  a s  S t a t i o n  15. 



TABLE 2 Brackish water  c h a r a c t e r i s t i c s .  

- -  - -  - 

Sta-  Time Tide Desc r ip t ion  Sa l in -  MPn Mpn )la/ 1 ) d l  JJdl 
t i o n  i t y  c o l i -  f e c a l  n i t r a t e  n i t r i t e  phos- ammonia 
no. ( P P ~ )  form c o l i -  pha t e 

Per form per  
100 m l  100 m l  

1 2-111-69. 0 .0 
ebb 

s h o r e l i n e  
s u r f  

2  2-111-69 0.0 
ebb 

t idepoo 1 
s u r f a c e  

3 2-111-69 0.0 shore  l i n e  32.0 
ebb s u r f  

4  2-111-69 '0.0 s h o r e l i n e  24.0 
ebb s u r f  

5 2-111-69 0.0 s h o r e l i n e  28.0 
ebb s u r f  

6  2-111-69 0.0 
ebb 

s h o r e l i n e  
s u r f  
-- - - 

7 2-111-69 +O .1 shore  l i n e  
r i s i n g  s u r f  

- 

8 2-111-69 +0.1 s h o r e l i n e  
r i s i n g  s u r f  
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TABLE 2. (continued) 

s t a -  Time Tide Descr ip t ion  Sal in-  MPn MPn J % / l  1 J%/ l  JJd 1 
t i o n  i t y  c o l i -  f e c a l  n i t r a t e  n i t r i t e  phos- ammonia 
no. ( P P ~ )  form c o l i -  

Per form per 
100 m l  100 m' l  

pha t e  

11-111-69 $0.2 s h o r e l i n e  
f a l l i n g  s u r f  

9 3 negat ive  18.9 0.5 8 .9  n e g l i g i b l e  

- - 

shore  , 
s u r f a c e  

4-1.0 shore  , 34.0 
20-X-68 f a l l i n g  30 m nor th  

shore ,  
10 m south 

shore ,  3  .O 
s u r f a c e  

$0.1 30 m o f f s h o r e ,  23.0 
4-111-69 . r i s i n g  . su r face  

30 m o f f s h o r e ,  27.0 
bottom, 1 m 
depth 

shore ,  25 .O  
s u r f a c e  

$1.8 30 m o f f s h o r e ,  29.0 
9-111-69 f lood s u r f a c e  



TABLE 2 (continued) 

Sta- Time Tide Descr ip t ion  Sa l i n -  MPn MPn , p g / l  & e l l  f i g /  1 
t i o n  i t y  c o l i -  f  eca 1 n i t r a t e  n i t r i t e  phos- , ammonia 
no. ( P P ~ )  form c o l i -  phate 

Per form per  
100 m l  100 m l  

30 m o f f shore ,  32.0 
bottom, 1 m 
depth 

shore  , 5.5 9 3 9 727.22 0.6 141.1 n e g l i g i b l e  
su r  f ace  +o .2 

11-111-69 falling 
30 m o f f shore ,  20.0 9 3  15 193.48 1.5 47.8 n e g l i g i b l e  
s u r f a c e  

shore ,  
s u r f a c e  

.15 m no r th  

shore  , 17 .O  
su r  f ace  +o. 1 

4-111-69 rising 
20 m o f f s h o r e ,  28.0 
s u r f a c e  

shore , 31.0 
13  s u r f a c e  

+l. 8 9-111-69 flood 
. . 20 m o f f shore ,  32.0 

s u r f a c e  



TABLE 2 (continued) 

~ t a -  Time Tide Descr ip t ion  Sal in-  MPn MPn ~ g / l  J d l  J d l  J d  1 
t ion  i t y  c o l i -  f e c a l  n i t r a t e  n i t r i t e  phos- ammonia 
no. ( P P ~ )  form c o l i -  pha te  

Per form per 
100 m l  100 m l  

sho re ,  21.5 2 3 4 227.5 2.9 45.5 n e g l i g i b l e  
su r face  

+o. 2  
20 m o f f s h o r e ,  24.5 1100 460 146.7 1.5 38.7 2.0 

11-111-69 fa allling s u r f a c e  

20 m o f f shore ,  
bottom, 1 m 26.5 240 23 129.7 1.4 4 7 . 1  6 . O  
depth 

+1.8 makai end 9 .O 
9-111-69 flood mauka end 7 .O  

11-111-69 +0.2 sur  f ace ,  8 .0  9 3 4 3 232.2 3 .2- 65.4 11.7 
f a l l i n g  114 m depth 

1-111-69 +O .2 shore  l i n e  24.0 
f a l l i n g  s u r f  

9-111-69 +1.8 shore  l i n e  34.0 
15 f lood sur  f  

+0.2 shore l i n e  31.0 9 9 36.4 0.7 16.5 5 . 1  
11-111-69 f a l l i n g  s u r f  

( r e p l i c a t e d )  



TABLE 2 (cont inued)  

sta- Time Tide Desc r ip t ion  Sa l in -  MPn MPn MI1 J%/l  p d l  .Ps 11 
t i o n  i t y  c o l i -  f e c a l  n i t r a t e  n i t r i t e  phos- ammonia 
no. ( P P ~ )  form c o l i -  phate  

Per form per  
100 m l  100 m l  

lowest read-  32.0 
i n g ,  s u r f a c e  - 

16 4-0.1 
4-111-69 rising 

i n l e t  mouth, 34.0 
s u r f a c e  

s u r f a c e :  
0.0 m e a n r e a d i n g ,  15.0 

2-111-69 ebb low, 12.0 
seaward end 20 .O 

near  he iau  , 31.0 9  9  97.1 0.8 20.9 11.9 

17 
s u r f a c e  

d r a i n i n g  i n t o  34.5 nega t ive  nega t ive  nega t ive  4.8 12.7 n e g l i g i b l e  
11-111-69 'Oo2 s u r f  

f a  11 ing  

s h o r e l i n e  34.5 15 3  2.6 0 . 1  4.3 n e g l i g i b l e  
s u r f ,  20 m 
west 

mean r ead ing ,  34.0 

- - bay s u r f a c e  

29-X-68 +Z.U 1 

f lood  mean r ead ing ,  34.5 

'18 1 m depth 
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The n o r t h  sho re  i s  f r i n g e d  by a  4-m h igh  b a s a l t  b l u f f  which 

becomes lower and eyen d i p s  i n t o  t h e  s ea  a t  Miana Po in t .  Th is  c o a s t  

bo rde r s  a  wide and deep t r e n c h  and is  cons ide r ab ly  more exposed than  

t h e  sou th  sho re  which i s  f l a t  and f r i n g e d  by a  r e e f .  The vol-ume of  

f r e s h w a t e r  p e r c o l a t i o n  i s  g r e a t e r  i n t o  t h e  n o r t h e r n  t han  t h e  sou the r n  

sho re .  

A r e s e a r c h e r  swam t h e  l e n g t h  of t h e  su r f - l a shed  n o r t h  sho re  

c o l l e c t i n g  wa t e r  samples wherever  he  noted a  lower ing  i n  wate r  

temperature .  I n  t h i s  manner 11 d i s t i n c t  p o i n t s  of  f r e shwa te r  e n t r y  

w e r e  e s t a b l i s h e d .  

No f r e s h  wa t e r  a t  a l l  was d e t e c t e d  between Honaunau Bay and 

Alahaka Bay. The s h o r e  i s  a  f l a t ,  exposed l a v a  s h e l f  l a shed  o f t e n  by 

t r e ache rous  s u r f .  ,Abundant s u r f  and o f f s h o r e  samples w e r e  t aken  h e r e  a s  

w e l l  a s  i n  Alahaka Bay i t s e l f  where it i s  e q u a l l y  dangerous  t o  swim n e a r  

shore .  The s h o r e l i n e  from Alahaka Bay sou th  t o  Loa P o i n t  was surveyed 

e x c l u s i v e l y  by boa t .  

The phosphate ,  n i t r a t e ,  c o l i f o r m  and f e c a l  c o l i f o r m  l e v e l s  a t  

b r a c k i s h  water  s t a t i o n s  i n  Honaunau Bay were compared w i t h  t h e  S t a t e  

o f  Hawaii p u b l i c  h e a l t h  s t a n d a r d s  r ega rd ing  wa t e r  q u a l i t y  ( P u b l i c  

Hea l t h  Regula t ions ,  Chapte r  37-A). The e n t i r e  bay meets s t anda rds  f o r  

"AA Water1' s ave  f o r  Keone-el i  cove (S ta .  13) which meets t h e  s t anda rds  

f o r  only "B Waterr1. 

"AA Water" i s  p r i s t i n e ,  c h a r a c t e r i s t i c  of a  w i lde rne s s  reg ion .  

"A Water" is  l e s s  s o ,  b u t  i s  regarded a s  comple te ly  s u i t a b l e  f o r  

swimming and r e c r e a t i o n a l  use .  "B Waterr1,  on t h e  o t h e r  hand, i s  

thought  t oo  contaminated f o r  swimming, and s u i t e d  i n s t e a d  f o r  such use  

as a smal l  b o a t  ha rbor .  

I n  g e n e r a l ,  s u f f i c i e n t  r e p l i c a t e s  were n o t  p o s s i b l e  t o  make more 

than  p r e l im ina ry  conc lu s ions  about  t h e  n a t u r e  and c o n s t i t u e n t s  of t h e  

b r ack i sh  wate r  i n  Honaunau Bay. F u r t h e r  i t  might b e  po in t ed  o u t  t h a t  i t  

was nece s sa ry  t o  do t h e  n i t r a t e ,  phosphate  and b a c t e r i a l  sampling 

b e f o r e  s u n r i s e ,  a t  0600 hours .  I t  i s  probab le  t h a t  g r e a t e r  b a c t e r i a l  

a c t i v i t y  would be  no ted  d u r i n g  t h e  h e a t  of t h e  day. 

Overa l l  t h e  w a t e r s  of Honaunau Bay a r e  s p a r k l i n g  and e x c e p t i o n a l l y  

c l e a r .  The bottom i s  v i s i b l e  t o  60 f e e t .  A s i n g l e  excep t i on ,  however, 



i s  t h e  r eg ion  ( s t a .  13)  o f f  t h e  Pa lace  Grounds.' � ere' t he  water  i s  

s t r o n g l y  d i s c o l o r e d  wi th  an abundance of suspended mat te r .  There a r e  

fewer f i s h  h e r e  than elsewhere i n  t h e  bay, and t h e  substratum i s  a l g a l  

r a t h e r  than  c o r a l .  S p e c i f i c s  a r e  i n  t h e  chapter  d i s c u s s i n g  

a lgae .  

The contaminat ion a t  S t a t i o n  13  i s  from a cesspool  s i t u a t e d  34 m 

from t h e  sandy-beach s h o r e l i n e .  The p u b l i c  res t room i t  s e r v i c e s  was 

e r ec t ed  y e a r s  ago by t h e  county a s  prev ious  t o  1955 the  C i t y  of Refuge 

N .  H. P. was a  county park. The-National Park Se rv i ce  r e c e n t l y  e r e c t e d  

a  v i s i t o r ' s  c e n t e r  wi th  a d d i t i o n a l  res t rooms.  The o r i g i n a l  p lans  c a l l e d  

f o r  a  sewage t r ea tmen t  p l a n t  l oca t ed  on t h e  h i l l s i d e  behind t h e  park,  

bu t  t h e  p l an  ( c o s t e d  a t  $60,000) proved inadequate ,  and a  r ev i sed  

e s t i m a t e  ($130,000) was submit ted.  Meanwhile, a s  a  s topgap measure a  

second cesspool  was cons t ruc t ed  53 m from t h e  s h o r e l i n e  behind t h e  

county ce s spoo l .  The S t a t e  had condemned t h e  o r i g i n a l  cesspool  a s  

inadequate  t o  s e r v i c e  t h e  burgeoning t o u r i s t  i n d u s t r y  (250,000 v i s i t o r s  

i n  1968),  b u t  h a s  gran ted  a  temporary, 2-year approva l  f o r  t h e  p r e s e n t  

system. It i s  thought. t h a t  i n  1971 funding w i l l  be a v a i l a b l e  t o  

i n s t i t u t e  t h e  sewage t rea tment  p l a n t .  

Not on ly  i s  Keone-eli  cove contaminated, b u t  t h i s  i s  t h e  most 

popular  b a t h i n g  a r e a  i n  t h e  e n t i r e  bay, favored by those  wanting t o  

avoid t h e  more exposed, deeper  waters  of t h e  bay p>oper. Park r eco rds  

s t a t e  t h a t  s e v e r a l  thousand swimmers use  t h i s  cove annual ly .  A s  

i nd i ca t ed  above, t h i s  cove does n o t  meet S t a t e  s a n i t a r y  water  s t anda rds  

f o r  a  swimming beach. 

Near t h e  cesspools  i s  ( ~ t a .  14) a  smal l  pond h i s t o r i c a l l y  

t i t l e d  t h e  Royal Fishpond. I t s  cond i t i on  i s  an embarrassment t o  t h e  

park pe r sone l  and t o u r  guides  who s t u d i o u s l y  circumvent i t .  It i s  a  

b rack i sh  pond, p o l l u t e d  and wi th  an average  depth  of one f o o t .  A 

secohd r e g a l  f ishpond i n  s i m i l a r  cond i t i on  l i e s  behind i t .  

A s e r i a l  l i s t i n g  of brackish-water  s t a t i o n s  fol low.  

S t a t i o n  1. I n  s h o r e l i n e  s u r f  by Miana Po in t ,  1250 magnetic t o  

Hale-o-Keawe. 

S t a t i o n  2. E a s t  of t h e  above, 131' t o  Hale-o-Keawe. This  i s  a  

s h o r e l i n e  f i s s u r e  resembling a  t i depoo l .  R e f r a c t i v e  d i s t o r t i o n  and 



lowered temperature due t o  f r e s h  water were both noted. 

S t a t i o n  3.  I n  s h o r e l i n e  s u r f ,  140' magnetic t o  Hale-o-Keawe. 

S t a t i o n  4.  I n  s h o r e l i n e  s u r f ,  154O t o  Hale-o-Keawe. 

S t a t i o n  5. I n  s h o r e l i n e  s u r f ,  157' t o  Hale-o-Keawe. 

S t a t i o n  6. I n  s h o r e l i n e  s u r f ,  162O t o  Hale-o-Keawe. 

S t a t i o n  7. I n  s h o r e l i n e  s u r f ,  167' t o  Hale-o-Keawe. 

S t a t i o n  8. F ron t ing  the  Japanese Young Men's p a v i l l i o n ,  171' t o  

0 S t a t i o n  9.  F ron t ing  a  p r i v a t e  house, 174 t o  Hale-o-Keawe. 

S t a t i o n  10. An i n l e t  a t  t he  south  edge of the  row of p r i v a t e  
0 

houses, 180 t o  Hale-o-Keawe. 

S t a t i o n  11. This  s t a t i o n  i s  n o t  s p e c i f i c .  I t  encompasses the  

o f f shore  a rea  f r o n t i n g  t h e  l ava  f l a t  a t  t h e  head of Honaunau Bay. 

Ref rac t ive  turbulence  and lowered temperature were noted a t  s eve ra l  

po in t s  10 t o  20 m of fshore .  

S t a t i o n  12. The beach a r e a  known a s  Kapuwa'i cove where l o c a l  

fishermen s t o r e ' o u t r i g g e r  canoes. The g r e a t e s t  pe rco la t ion  of f r e s h  

water  i n t o  Honaunau Bay was de tec t ed  a t  t h i s  s t a t i o n .  A t  low t i d e  

f r e s h  water  streams onto t h e  beach from rock f i s s u r e s  a t  a  r a t e  of f i v e  

ga l lons  per  minute. Dogs quench t h e i r  t h i r s t  he re  and fishermen use the  

beach water  t o  wash sea  water  from t h e i r  boats .  

S t a t i o n  13. The sandy beach f r o n t i n g  Keone-eli cove. The volume 

of freshwater  pe rco la t ion  i n t o  t h i s  swimming beach i s  second only t o  

S t a t i o n  12, and is augmented by freshwater  leaching  a t  p o i n t s  along the  

e n t i r e  south  shore  t o  Hale-o-Keawe. This s t a t i o n  i s  shal low and landed 

on a l l  s i d e s  save f o r  a  narrow ent rance  i n t o  t h e  bay proper .  P o l l u t i o n  

h e r e  is d iscussed  above. 

S t a t i o n  14. Known a s  t h e  Royal Fishponds. These two brackish  and 

po l lu t ed  ponds south  a r e  (S ta .  13) of t h e  cesspools  and a r e  a  source  of 

concern t o  park personnel.  The s a l i n i t y  shows no d i u r n a l  v a r i a t i o n .  

S t a t i o n  15. Front ing  Hale-o-Keawe. Freshwater seepage was noted 

a t  s eve ra l  po in t s  between h e r e  and S t a t i o n  13. 

S t a t i o n  16. An i n l e t  west of Hale-o-Keawe. Pe rco la t ion  i s  s l i g h t  

and only d e t e c t a b l e  a t  low t i d e .  



S t a t i o n  1 7 .  An e x t e n s i v e ,  s h a l l o w  t i d e p o o l  by A l e a l e a  Heiau.  

The f r e s h  w a t e r  i s  c o n c e n t r a t e d  a t  s e v e r a l  p o i n t s ,  and i s  v i s u a l l y  

d e t e c t a b l e .  

S t a t i o n  18. Alahaka Bay. S e v e r a l  f r e s h w a t e r  "chimneys" were 

r e p o r t e d  by SCUBA d i v e r s  s u r v e y i n g  t h i s  a r e a .  T h i s  is t o  say ,  f r e s h  

w a t e r  emerges from f i s s u r e s  i n  t h e  f l o o r  of  t h e  bay and r i s e s  t o  t h e  

s u r f a c e  a s  a  r e f r a c t i v e l y  d i s t o r t e d  column. 

S t a t i o n  19. A rocky cove  s o u t h  of  where P a l i  Alahaka e n t e r s  

Alahaka Bay. F r e s h  w a t e r  i s  d e t e c t a b l e  50 m from s h o r e  d u r i n g  a n  ebb 

t i d e .  No f u r t h e r  a r e a s  of b r a c k i s h  w a t e r  were  d e t e c t e d  s o u t h  t o  Loa 

P o i n t .  



Chapter 5 

UNDERWATER TOPOGRAPHY 

1. General d e s c r i p t i o n  sou th  from Kealakekua Bay t o  Loa Poin t .  

The shore l ine  - a t  a  d i s t a n c e  of 30 t o  80 meters  from shore  was 

surveyed by boat  w i th  t h e  a i d  of a  glass-bottom view box from Palemano 

Po in t  t o  Loa Po in t ,  south  of Honaunau Bay. This survey was no t  

q u a n t i t a t i v e ,  but  r a t h e r  i t s  purpose was t o  check t h e  genera l  p a t t e r n  

and no te  gross  i r r e g u l a r i t i e s  i n  t h e  n a t u r e  of t h e  s u b s t r a t e ,  f l o r a  and 

fauna; t o  determine i f  t h e  bottom conformed i n  genera l  t o  o the r  a r e a s  

more ex tens ive ly  surveyed. 

The south s i d e  of Palemano Poin t  a t  a  depth of 10 meters i s  a  

smooth vo lcan ic  s h e l f  wi th  numerous l a r g e  boulders ;  no sand; t h e  c r u s t  i s  

60% t o  70% exposed. Poc i l lopora  meandrina and P o r i t e s  pukoensis ( c a s t l e  

P o r i t e s )  a r e  the  c o r a l s  p re sen t ;  going south,  no sand observed a t  a l l .  

Opposite -Keomo Po in t  a  sample of brownish-colored seaweed matting, 

112 cm high  which covered over 50% of t h e  exposed por t ions  of t h e  boulders' 

was c o l l e c t e d  i n  t h i s  a r e a  a t  a  depth of 10 meters.  S imi l a r  matt ings 

were abundantly noted on boulders  from Palemano Po in t  t o  Honaunau Bay. 

Other enc rus t ing  seaweeds n o t  scraped of f  f o r  i n spec t ion ,  but  common 

along t h i s  sho re l ine ,  cons i s t ed  of smal le r ,  more i s o l a t e d  patches of 

b lue ,  green and orange hues. The sample c o l l e c t e d  was p r i n c i p a l l y  

Laurencia,  but  included a very  r i c h  f l o r a l  aggregat ion  of green, red,  

. brown and blue-green a lgae .  The s p e c i f i c  genera a r e  d e a l t  wi th  i n  

Chapter 7. 

Near Kipu Rock t h e  boulders  average one meter i n  diameter  and 

a r e  80% algae-encrusted,  15% ba re  and 5% coral-dominated. From t h i s  

p o i n t  south t o  Pehehoni Po in t  t he  s h o r e l i n e  b l u f f  i s  spec tacu la r  wi th  

an abundance of sea-caves and l a r g e ,  n a t u r a l  a rches .  

South of Kipu Rock t h e  s u b s t r a t e  i s  100% boulder  covered, mostly 

one-half meter i n  diameter .  This  s i t u a t i o n  l e s s e n s ,  and Moinui Po in t  

has an  80% smooth, b a r e  vo lcan ic  f l o o r .  The boulders  a r e  60% a l g a e  

encrus ted ,  and up t o  30% covered by c o r a l s .  The only 'area from Palemano 



Po in t  t o  Kanoni Poin t  where sand was observed was along t h e  n o r t h  f a c e  

of Kanoni Po in t .  Here s e v e r a l  one-meter pa tches  of g r a v e l l y  sand 

appear .  

South of Kanoni Po in t  t h e  bottom i s  a  gent ly-s lop ing  agg rega t ion  

of  broken rock wi th  5% c o r a l  coverage,  over 50% a l g a e  encrus ted .  

Occas iona l ly  t h e  b a r e  vo l can i c  c r u s t  i s  exposed f o r  per iods .  

A t  Pehehoni Po in t ,  t h e  s u b s t r a t e  a t  a  dep th  of 10 meters  i s  sand 

wi th  occas iona l  l a r g e  boulders  and numerous smal le r  rocks.  The cover  i s  

20% Poc i l l opo ra  and 10% c a s t l e  P o r i t e s .  Moving i n t o  Honaunau Bay 

(F ig .  10 ), sand i s  no longer  p r e s e n t  and f i n g e r  P o r i t e s  (P. - compressa) 

i s  seen.  

Sand pa tches  a r e  uncommon a long  t h e  n o r t h  f a c e  of Honaunau Bay: 

f i n g e r  P o r i t e s  becomes more abundant,  and Poc i l l opo ra  drops o f f  completely.  

Enormous c o l o n i e s  of b r igh t -ye l low c a s t l e  P o r i t e s  appear.  Colonies  t h i s  

huge and c o l o r f u l  had n o t  been p rev ious ly  observed south  of Palemano 

Poin t .  F inge r  P o r i t e s  grows a t  t h e  colony f r i n g e s .  Near t h e  head of t h e  

bay, f i n g e r  P o r i t e s  i s  abundant a t  a  depth of fou r  meters .  Specimens of 

t h i s  s p e c i e s  a r e  r a r e  i n  Kealakekua Bay a t  such shal low depths .  

The southern  f a c e  of Honaunau Bay is  n o t  t r a v e r s i b l e  by boa t .  

Puuhonua P o i n t  ( ~ i g .  11 ) drops o f f  sharp ly  w i t h  many v e r t i c a l  f a c e s  

n e a r l y  breaking  t h e  s u r f a c e  i n  p l a c e s .  These dramatic  v e r t i c a l  f a c e s  

a r e  unique t o  t h e  e n t i r e  r eg ion  surveyed, and a  r i c h  f i s h  popula t ion  i s  

p r e s e n t .  The sou th  s i d e  of t h e  p o i n t  f l a t t e n s  ou t  somewhat, i s  80% 

b a r e  a t  a  dep th  of -10 meters.  

The s h o r e l i n e  drops immediately t o  25 f e e t , o f f  t h e  park  

headqua r t e r s ,  and t h e  s lope  is  then  gradual  t o  35 f e e t .  This  sha l lower  

b e l t  i s  80 p e r  c e n t  exposed; 10 p e r  c e n t  dominated by c a s t l e  P o r i t e s  

and 10 p e r  c e n t  by Poc i l lopora .  A t  a  dep th  of 40 f e e t  t h e  c o r a l  cover 

i s  inc reased  t o  60 per  cen t ,  most ly  by c a s t l e  P o r i t e s .  Sand pa t ches  a r e  

p r e s e n t  throughout .  The o u t e r  s l o p e  s t a r t s  a t  45 f e e t ,  and cover  i s  

f i n g e r  P o r i t e s  amongst abundant pa t ches  of sand. 

~ o r t h  of Alahaka Bay t h e  bottom breaks up wi th  wide f i s s u r e s ,  

l edges  and underwater caves.  Some sand pa tches  appear  toward Alahaka 

Bay, b u t  t h e  bay i t s e l f  i s  a  f l a t  l ava  s h e l f  w i th  l i t t l e  sand i n  

evidence a t  shal lower depths .  
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FIGURE 10. A schemat ic  c h a r t  of Honaunau Bay showing predomi- 
nance of bottom types .  The n o r t h  and e a s t  s h o r e l i n e s  d rop  o f f  
immediately t o  12 f e e t .  A sha l low l a v a  bench ex tends  from t h e  
sou th  s h o r e  and t hen  drops  a b r u p t l y  t o  15 f e e t .  The bay i s  ve ry  
f l a t  from 15  t o  25 f e e t .  The s l o p e  s t e e p e n s  beyond 30 f e e t  and 
a g a i n  beyond 60 f e e t ;  i t  i s  d i r e c t e d  no r thwes t  n o t  outward due t o  
a v e r y  deep t r e n c h  which l i e s  a l ong  t h e  n o r t h  shore .  The s i d e s  o f  
t h e  t r e n c h  a r e  c o r a l  covered,  t h e  bottom i s  sand. Sand pa t ches  
occur  s p o r a d i c a l l y  i n  t h e  sou th  h a l f  o f  t h e  bay. There  a r e  two 
sandy beaches  i n  t h e  s o u t h e a s t  reach  of  t h e  bay, and t h i s  r e g i o n  i s  
o the rw i se  dominated by a lgae .  
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FIGURE 11. A c h a r t  of Honaunau Bay showing dep th  c o n t o u r s  i n  fathoms. 



The n o r t h e r n  h a l f  of t h e  bay con ta in s  few boulders  on t h e  f l a t  

s h e l f ,  whereas boulders  a r e  common on t h e  southern  h a l f  of t h e  bay. 

A dark grey sand c o a t s  much of t h e  boulders ,  and a l g a l  t u r f s  a r e  a l s o  

p re sen t .  The c o r a l  v a r i e s  a t  f i v e  fathoms depth  from 80 per  cen t  a t  

t h e  no r the rn  and southern  ends of t h e  bay t o  30 per  cen t  a long  t h e  head 

of  t h e  bay and i n  t h e  v i c i n i t y  of t h e  l a r g e  s e a  cave where P a l i  Alahaka 

meets t h e  s e a .  I n  genera l  t h e r e  i s  t h r e e  times a s  much cover by c a s t l e  

P o r i t e s  a s  by Poc i l l opo ra  a t  f i v e  fathoms. Poc i l l opo ra  i s  dominant a t  

shal lower depths .  I n  terms of bo th  d i v e r s i t y  of spec i e s  and popula t ion  

s i z e s ,  f i s h  a r e  s t r i k i n g l y  more conspicuous h e r e  than i n  Honaunau Bay. 

According t o  l o c a l  fisherman, t h e  subs t ra tum i s  sandy on a  l i n e  

from Miana P o i n t  t o  Loa Po in t  a t  depths  from 20 t o  30 fathoms. The sand 

b e l t  extends shoreward t o  500 m o f f  Puuhonua P o i n t ,  100 m o f f  t h e  park 

headquar te rs  and 150 m o f f  Alahaka Bay. A broad and e l l i p t i c a l  sandy 

a r e a  o v e r l a i n  w i th  broken f i n g e r  c o r a l  rubb le  extends from beyond 

s u r f a c e  v i s i b i l i t y  t o  a  shal low depth  of 45 f e e t  nea r  t he  c e n t e r  of t h e  

bay. 

Sand remains absen t  a t  dep ths  of 30 f e e t  sou th  of Alahaka Bay t o  

Loa Poin t :  c a s t l e  P o r i t e s  i s  t h e  dominant c o r a l  and v a r i e s  i n  abundance 

from f i v e  t o  10 pe r  c e n t  cover.  The bottom i s  a  smooth b a s a l t  s h e l f  

w i th  l a r g e  boulders  h e r e  and there .  Some l a r g e  s ea  caves and a r ches  

a r e  p r e s e n t  a t  Loa Po in t .  

2. Underwater t r a n s e c t s  run  a t  Honaunau Bay and Alahaka Bay. 

Four 100-meter underwater t r a n s e c t s  (F ig .  12 ) were e s t a b l i s h e d  

a t  Honaunau Bay f o r  making q u a n t i t a t i v e  e s t i m a t e s  of c o r a l  and u rch in  

popula t ions .  The r e s u l t s  a r e  presen ted  l a t e r  i n  Chapters 8  and 10, 

r e s p e c t i v e l y .  A s i n g l e  t r a n s e c t  f o r  comparat ive purposes was 

e s t a b l i s h e d  a t  Alahaka Bay. 

The gene ra l  topographica l  s i t u a t i o n  a t  Honaunau Bay (Fig.  13 ) 

i s  a  s h o r e l i n e  which drops o f f  a b r u p t l y  t o  a  depth  of 12 f e e t .  The bay 

i s  then very  f l a t  t o  30 f e e t ,  a f t e r  which t h e  s l o p e  quickens.  I t  

s teepens  a g a i n  a t  60 f e e t .  S ince  t h e  t r a n s e c t s  extended 100 meters  ou t  

from v a r i o u s  p o i n t s  a long  t h e  s h o r e l i n e ,  t h e  ba lance  of sampling was 

over  t h i s  broad,  n e a r l y  f l a t  reg ion  from 12 t o  30 f e e t .  Of a  t o t a l  of 
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FIGURE 12 .  Underwater T r a n s e c t s  1 th rough  4, Honaunau Bay. 
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91 quadra t  samples made i n  Honaunau Bay, 71 were a t  depths  w i t h i n  t h i s  

range. Almost no sampling was done a t  depths  l e s s  than 10 f e e t  o r  

exceeding 40 f e e t .  

The fo l lowing  i s  a  gene ra l  d e s c r i p t i o n  of each of t h e  f i v e  

t r a n s e c t s  and t h e i r  bea r ings .  Q u a n t i t a t i v e  d a t a  a r e  p r e s e n t l y  e l s e -  

where. 
0 

T ransec t  1 begins  a long  t h e  n o r t h  s h o r e l i n e  of Honaunau Bay 155.0 
0 

magnetic t o  Hale-o-Keawe. It te rmina tes  155.0 magnetic from t h e  

t r a n s e c t  o r i g i n .  The s h o r e l i n e  drops o f f  a b r u p t l y  t o  a  40-foot-wide 

s h e l f  a t  a  depth of 14  f e e t .  The inne r  f r i n g e  i s  dominated spa r ing ly  

by Poc i l l opo ra  meandrina; t h e  bulk of t h e  s h e l f  by c a s t l e  P o r i t e s  

(P. - pukoensis) .  The f l o o r  then drops r a p i d l y  (Fig.  13  ) t o  110 f e e t  a t  

t h e  sandy bottom of a  deep t rench .  The s i d e s  of t h e  t rench  a r e  densely 

covered w i t h  P o r i t e s  (P. - compressa),  a l though c a s t l e  P o r i t e s  remains 

p re sen t .  The red a l g a ,  Tolypioc lad ia ,  i s  common i n  f i n g e r  c o r a l  

i n t e r s t i c e s .  The topography h e r e  c l o s e l y  resembles t h a t  a t  Kaawaloa 

Cove, Kealakekua Bay. 

T ransec t  2  begins  (F ig .  13  ) on t h e  e a s t e r n  s h o r e l i n e  of 
0 

Honaunau Bay, 185.0 magnetic t o   ale-o-~eawe and te rmina tes  a t  a  po in t  

262.0' magnetic from t h e  o r i g i n .  The end p o i n t  l i e s  155.0' t o  Hale-o- 

Keawe. The s h o r e l i n e  drops o f f  a b r u p t l y  t o  12 f e e t ,  and t h e  bulk of t he  

t r a n s e c t  c r o s s e s  a  f l a t  s h e l f  from 12 t o  23 f e e t  i n  depth over  a s s o r t e d  

concen t r a t i ons  of c a s t l e  and f i n g e r  c o r a l .  Some sand pa tches  a r e  presen t .  

T ransec t  3  begins  (F ig .  13 ) a t  Puuehu rock and runs on a  l i n e  
0 

290.5 .from t h e  o r i g i n .  I t  c r o s s e s  s e v e r a l  sand pa tches  s o  t h a t  

c e r t a i n  quad ra t s  a r e  w i thou t  b i o t i c  cover.  This  t r a n s e c t  l i e s  a long  the  

.mouth of contaminated Keone-eli  cove. From 10 t o  40 pe r  c e n t  of t h e  

c a s t l e  c o r a l  i n  t h e  shoreward 35 meters of t h e  t r a n s e c t  was encrus ted  

w i th  a s s o r t e d  p l a n t  and animal growths and cons idered  dead. Data 

ob ta ined  from t h e  contaminated p o r t i o n  of t h i s  t r a n s e c t  a r e  c o n t r a s t e d  

i n  Chapter  8  a t  l e n g t h  w i t h  Transec t  2  which l i e s  i n  c l e a n e r  waters .  

Transec t  4  begins  ( ~ i g .  13 ) a t  t h e  edge of a  drop-off on t h e  
0 south  shore  of Honaunau Bay, 119.0 magnetic t o  Hale-o-Keawe and 

0 
t e rmina t e s  a t  a  p o i n t  347.0 magnetic from t h e  o r i g i n .  I t  t e rmina t e s  

140.0' to .  Hale-o-Keawe. The bulk of t h e  t r a n s e c t  l i e s  a c r o s s  ex t ens ive  



growths of f i n g e r  c o r a l .  

Transec t  5 begins  ( ~ i g .  14 ) s e v e r a l  meters  i n  from t h e  northwest  
0 

ex t remi ty  of Alahaka Bay. It  te rmina tes  a t  a p o i n t  153.0 magnetic from 

t h e  o r i g i n  on t h e  l i p  of a huge sandy reg ion  s t r e t c h i n g  ou t  t o  t he  south  

and west. This  was t h e  most exposed a r e a  sampled by t r a n s e c t s ,  and t h e  

c r u s t  i s  more exposed h e r e  than a t  Honaunau Bay. Coral  cover on t h e  l ava  

c r u s t  v a r i e s  over t h e  ba lance  of t he  t r a n s e c t  from 60 t o  80 per  cen t .  

I n  Honaunau the  l a v a  c r u s t  i s  r a r e l y  exposed except  a t  t h e  s h o r e l i n e ,  

and those  a r e a s  n o t  c o r a l  dominated a r e  sandy. 
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Chapter 6  

- PLANKTON 

Plankton tows were made a t  s e v e r a l  s t a t i o n s  i n  t h e  environs of 

Kealakekua Bay (F ig .  15 ) and Honaunau Bay. A 45-cm diameter  c o n i c a l  

"Norpac" s t y l e  plankton n e t  wi th  a  pore  s i z e  of 300 microns was used. 

I t  was towed by an outboard motorboat i n  a  f i g u r e - e i g h t  p a t t e r n ,  a t  a  

depth of one meter  and speed of approximately 5 m.p.h. 

The zooplankton c a t c h  was c o r r e l a t e d  n e i t h e r  w i th  time of day nor  

t i d e  h e i g h t  i n  t he  p r e s e n t  survey. A t o t a l  o f  18  tows was run, 11 dur ing  

l a t e  f a l l ,  1968, and seven i n  e a r l y  sp r ing ,  1969. I n  genera l ,  s p r i n g  

t i d e s  y i e lded  denser  popula t ions .  However, due t o  t h e  low number of 

r e p l i c a t e  tows, a v a i l a b l e  from only  S t a t i o n s  15  and 19, i t  i s  f e l t  

t h a t  no more than  pre l iminary  conc lus ions  can be  taken from t h e  work 

p r e s e n t l y  completed. 

The d a t a  obtained  able 3)  i n d i c a t e  t h e  r eg ion  o f f  Cook's 

Monument i n  Kaawaloa Cove ( ~ t a .  12) t o  be t h e  r i c h e s t  a r e a  i n  Kealakekua 

Bay i n  biomass of zooplankton. A t  t h i s  s t a t i o n ,  146 mg wet weight 

zooplankton p e r  cubic  meter s ea  water  was c o l l e c t e d ,  which compares 

(S t a .  18) wi th  t e n  mg i n  t h e  open a r e a  200 meters  o f f sho re  midway 

between Kealakekaua and Honaunau Bays. A f ive- tow average of 187 

mg/m3 was ga thered  a t  t he  head of Honaunau Bay. This  mean d e n s i t y  of 

zooplankton i n  t h e  s u r f a c e  l a y e r  i s  g r e a t e r  than  was recorded anywhere 

i n  Kealakekua and i n d i c a t e s  t h a t  of t h e  two bays,  Honaunau i s  t h e  more 

product ive .  

The r eg ion  o f f  Napoopoo Beach ( ~ t a .  15)  was towed on t h r e e  

d i f f e r e n t  d a t e s ,  and t h e  r e s u l t s  i n d i c a t e d  cons ide rab l e  v a r i a t i o n  i n  t h e  

d e n s i t y  of t h e  zooplankton popula t ion  p r e s e n t  a t  t he se  t imes;  ranging 
3 19 t o  129 (mean 77) mg/m sea  water.  

I t  was no ted  i n  f a l l ,  1968 , tha t  stomachs of t h e  midwater daytime 

plankton-feeding f i s h  spec i e s ,  Chromis o v a l i s  and - C.  v e r a t o r ,  taken i n  

Kealakekua conta ined  l i t t l e  food by comparison w i t h  o t h e r s  caught nea r  

Oahu, and i t  w a s  thought t h i s  might r e f l e c t  a  p a u c i t y  of  zooplankton. 
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FIGURE 15. Plankton tow s t a t i o n s .  S t a t i o n s  11 through 22 a r e  
i nd ica t ed  and t h e i r  p o s i t i o n s  a r e  descr ibed i n  t he  t e x t .  



TABLE 3. The settling volume and wet weight of 
zooplankton per cubic meter sea water in ~dnaunau Bay 
and environs. 

Station Time Tide m ml/m mg/m 3 3 

number sampled 

+0.4 
ebb 

+1.4 
flood 

+1.4 
falling 

+O. 6 
rising 

+1.9 
flood 

+1.4 
rising 

+O. 6 
rising 

+0.5 
rising 

+l. 6 
rising 

+1.3 
rising 

+l. 1 
rising 

+o. 1 
rising 

+0.4 
rising 

+o. 1 
ebb 

+0.3 
falling 

+O. 7 

0.0 
falling 

+o. 2 
falling 



S t a t i o n  d e s i g n a t i o n s  are d e s c r i b e d  below. 

S t a t i o n  11 i s  on a  l i n e  between Manini Beach P o i n t  and 

Napoopoo L i g h t ,  150 m o f f  Cook P o i n t .  

S t a t i o n  12 i s  80 m o f f s h o r e  between Cook's Monument and U m i ' s  

Well .  

S t a t i o n  1 3  i s  l o c a t e d  100 rn o f f  a  t a l u s  s l o p e  a t  t h e  wes t  end of 

Kaawaloa Cove. 
0 S t a t i o n  1 4  i s  p o s i t i o n e d  ( i n  degrees  magnet ic)  280 t o  Napoopoo 

L i g h t ,  115' t o  t h e  church  s p i r e  and 242' t o  t h e  t i p  of Palemano P o i n t .  

S t a t i o n  15  i s  50 rn o f f  t h e  c e n t e r  of Napoopoo Beach. Tows were 

,made a t  t h i s  s t a t i o n  on t h r e e  d i f f e r e n t  o c c a s i o n s ,  and t h e  samples a r e  

i n d i c a t e d  a s  15a ,  15b and 1 5 c ,  r e s p e c t i v e l y .  

S t a t i o n  1 6  i s  p o s i t i o n e d  on a l i n e  between Manini Beach P o i n t  

and Napoopoo L i g h t ,  150 m o f f  Manini Beach P o i n t .  

S t a t i o n  17 i s  s i t u a t e d  on a l i n e  between Palemano P o i n t  and 

Napoopoo L i g h t ,  d i r e c t l y  o f f  (due wes t  o f )  Manini  Beach P o i n t .  

S t a t i o n  18 i s  p o s i t i o n e d  322' t o  Napoopoo L i g h t ;  200 rn o f f s h o r e  

i n  f r o n t  o f  a f i s h i n g  s h a n t y  a t  Keomo P o i n t .  

S t a t i o n  19 i s  a s  c l o s e  t o  t h e  head of Honaunau Bay a s  towing 

comfor tab ly  a l l o w s .  The d e p t h  v a r i e s  from t h r e e  t o  f i v e  fathoms. 

S t a t i o n  20 i s  midway between Hale-o-Keawe and Miana P o i n t  i n  

Honaunau Bay. The d e p t h  h e r e  i s  10 fathoms. 

S t a t i o n  21 i s  100 m o f f s h o r e  i n  f r o n t  o f  t h e  C i t y  of Refuge 

N. H. P. h e a d q u a r t e r s .  

S t a t i o n  22 i s  a t  t h e  head of Alahaka Bay. 



Chapter  7 

ALGAE 

General  c o n s i d e r a t i o n s  and some comments 

Seaweeds i n  Honaunau Bay a r e  l a r g e l y  r e s t r i c t e d  t o  s h o r e l i n e  

h a b i t a t s .  Excep t ing  i n  Keone-el i  cove,  t h e r e  a r e  no seaweed beds a t  a l l  

below t h e  low t i d e  l i n e .  Indeed,  i t  appea r s  t h e  normal b e n t h i c  a l g a l  

r o l e  i s  r e p l a c e d  by zooxan the l l a e  ( d i n o f l a g e l l a t e s )  i n  t h e  e x t e n s i v e  

c o e l e n t e r a t e  c o r a l  beds.  

The l a c k  of seaweeds i n  Honaunau Bay i s  r e l a t e d  t o  low f e r t i l i z e r  

c o n c e n t r a t i o n s .  I n  Waik ik i ,  by way of comparison, beds of seaweed a r e  

e x t e n s i v e ,  c o r a l  spa r s e .  However, i t  would appear  t h e r e  i s  a v e r y  

s u i t a b l e  environment f o r  heavy cove r ,  p a r t i c u l a r l y  i n  t h e  sou the rn  

r eaches  of t h e  bay. 

Below t h e  l i t t o r a l  zone ( s e e  Doty, 1957, f o r  d e f i n i t i o n s  of 

i n t e r t i d a l  zones used i n  t h i s  c h a p t e r )  t h e  on ly  a r e a  of t h e  bay 

dominated by a l g a e  i s  Keone-el i  cove.  Diatoms a r e  p a r t i c u l a r l y  abundant  

h e r e .  Organ ic - r ich  f r e s h  wa t e r  from two nearby ce s spoo l s  e n t e r s  t h e  

bay a t  t h i s  p o i n t  b u t  f l u s h i n g  must nega t e  i t s  usua l  e f f e c t .  

A lga l  beds a r e  o f t e n  conspicuous i n  a r e a s  where f r e s h  w a t e r  and 

f e r t i l i z e r  a r e  in t roduced .  With ce s spoo l  e f f l u e n t  p e r c o l a t i n g  i n t o  

Honaunau Bay and subsequent  dia tom seaweed popu l a t i ons  appear ing ,  

n a t u r a l  food f o r  t h e  n a t i v e  organisms dec r ea se s .  Thus f i s h  and o t h e r  

animal  popu l a t i ons  dec r ea se  t o  t h e  e x t e n t  t hey  do n o t  consume t h e  new 

a l g a l  popu l a t i ons  o r  t h e  p o l l u t i o n  m a t e r i a l  d i r e c t l y .  

The p r i n c i p a l  among green  p o l l u t i o n  i n d i c a t o r s  i s  t h e  p r e sence  of 

a n  a l g a l  community dominated by t h e  genus Ulva.  Large g reen  a r e a s  of - 
t h i s  s e a  l e t t u c e ,  o f t e n  becoming of f -whi te  o r  ye l lowish  i n  p a r t ,  cou ld  

be  expec ted  t o  deve lop  i f  a s i g n i f i c a n t  amount of f r e s h  w a t e r  and 

f e r t i l i z e r  were t o  p e r c o l a t e  i n t o  Honaunau Bay, o r  even i f  p rocessed  

sewage were  t o  be  fu rn i shed .  

The development of a p o l l u t i o n - t y p e  marine community i n  Honaunau 

Bay would mean l o s s  of much of t h e  p r e s e n t  Hawaiian marine l i f e ,  and i n  

few o t h e r  a r e a s  i n  t h i s  marine l i f e  more r e a d i l y  a c c e s s i b l e .  



A marine shore  a r e a  i n  balance r ece iv ing  q u a n t i t i e s  of 

f e r t i l i z e r  f lushed  i n  wi th  f r e s h  water adapts  t o  t h e  new condi t ions .  

The expected p a t t e r n  i s  f o r  a  s e r i e s  of n e a r - i r r e v e r s i b l e  changes t o  

occur. The f i r s t  changes t o  be seen a r e  i n  t h e  microscopic a l g a l  

organisms, those  e s s e n t i a l  t o  the  l a r v a l  animal s t ages  and u t i l i z e d  

( a s  zooxanthel lae)  by c o r a l  a d u l t s .  The r e s u l t s  a r e  newly dominant 

spec ies  of t h e  shor t - l i ved ,  f requent ly  reproducing kinds.  I n  t h i s  case ,  

they w i l l  be diatoms and benth ic  a l g a e  r e l a t i v e l y  i n s e n s i t i v e  t o  o r  

s t imula ted  by t h e  a d d i t i o n  of f r e s h  water  and the  f e r t i l i z e r s  derived 

from sewage. I n  the  t r o p i c s  the  benth ic  spec ie s  a r e  usual ly members of 

t h e  Ulvaceae: Enteromorpha i f  a  s teady supply of f r e s h  water i s _  

involved, - Ulva i f  t h e  f r e s h  water i s  l e s s  o r  pe r iod ic  and conta ins  

increased ni t rogenous wastes.  Thus i t  i s  t h a t  a  sp l a sh  of green from 

these  seaweeds i n  f r o n t  of a  residence o r  bathouse ind ica t e s  po l lu t ion .  

An - Ulva community i s  usua l ly  s t r ange ly  spa r se  i n  animal l i f e  o r  

much of any l i v i n g  ma te r i a l  o the r  than the  seaweed Ulva i t s e l f .  Many - 
explanat ions have been of fered  f o r  t h i s ,  bu t  wide v a r i a t i o n s  i n  t h e  

oxygen content  of t h e  water and the  product ion of t o x i c  ma te r i a l s  a r e  

two which do func t ion  t o  exclude most animals.  

Caution must be exerc ised ,  however, a g a i n s t  over-general izing 

and aga ins t  r e l i a n c e  on but  s i n g l e  i n d i c a t o r s .  Taken by i t s e l f ,  t h e  

presence o r  absence of sea  l e t t u c e  t e l l s  us l i t t l e .  I n  f a c t ,  Ulva - 
f a s c i a t a  i s  p re sen t  i n  vary ing  q u a n t i t i e s  a long the  e n t i r e  sho re l ine  

from Miana Po in t  t o  Alahaka Bay, o f t en  dominating the  high l i t t o r a l  

zone. It i s  b r i g h t  green, no t  yellow, and grows amongst a  r i c h  a s s o r t -  

ment of o the r  spec ies .  

I n  June 1968 and March 1969 four  s tudy a r e a s  of s h o r e l i n e  Ulva 

f a s c i a t a  were e s t a b l i s h e d  and documented wi th  c o l o r  photography. Study 

Area 1 was e s t a b l i s h e d  i n  June 1968 and i s  j u s t  n o r t h  of Puuehu rock i n  

Honaunau Bay, and r e p l i c a t e  photographs were taken i n  March 1969. - Ulva 

f a s c i a t a  then covered much of the  upper l i t t o r a l  lava  beach which n ine  

months previous ly  had been dominated by Ahnfe l t i a  concinna. A b e l t  of 

Sargassum echinocarpum i n  t h e  lower l i t t o r a l  zone was a l s o  l a r g e l y  

rep laced;  t o  a  l e s s e r  degree by Ahnfe l t ia  and t o  a  g r e a t e r  ex ten t  by a  

th ick  dark-red mat of Ceramium sp. and Laurencia subsimplex growing 



e p i p h y t i c a l l y  on Valon ia  a e g a g r o p i l a .  

S h o r e l i n e  a l g a l  S tudy  Areas  2 through 4 were  e s t a b l i s h e d  i n  

March 1969. Area 2 c o n s i s t s  o f  t h e  s h o r e  of Keone-el i  cove,  Study Area 

3 i s  t h e  s h o r e  f r o n t i n g  Hale-o-Keawe and Area 4 i s  t h e  i n t e r t i d a l  zone 

f r o n t i n g  t h e  p a r k  h e a d q u a r t e r s .  At a l l  t h e s e  s t a t i o n s  l u x u r i o u s  

growths of Ulva were  p r e s e n t  and photographed. On t h e  rock  s h o r e s  a 

normal d i s t r i b u t i o n  o f  P t e r o c l a d i a  below low t i d e  l i n e  and A h n f e l t i a  

concinna above t h i s  l e v e l  a r e  found. Tangled i n  them and conspicuous  a t  

low t i d e  i s  t h e  d a r k  g r e e n  network,  Ulva r e t i c u l a t a .  T h i s  l a t e r  a l g a  

i s  much l i g h t e r  g r e e n  i n  w a t e r s  o f  normal f e r t i l i z e r  c o n t e n t .  These 

t h r e e  seaweeds a r e  t h o s e  most abundan t ly  washed i n  o n t o  t h i s  e l e g a n t  

though s m a l l  beach. Elsewhere  i n  t h e  world (e .g .  - - Gamulin-Brida e t  a l . ,  -- 
1967) r e p o r t  - Ulva and P t e r o c l a d i a  t o  become abundant  as p o l l u t i o n  

i n c r e a s e s .  

As p r e v i o u s l y  ment ioned,  t h e  g r e a t  m a j o r i t y  of b e n t h i c  s p e c i e s  

a r e  r e s t i r c t e d  t o  t h e  s h o r e l i n e .  The l i s t  o f  s p e c i e s  observed  able 4) 

i s  b r i e f .  Three  broad c l a s s e s  of l i t t o r a l  h a b i t a t s  a t  Honaunau a r e  

recognized  on t h e  b a s i s  o f  exposure:  exposed s h o r e l i n e s ,  p a r t i a l l y  

s h e l t e r e d  s h o r e l i n e s  and p r o t e c t e d  s h o r e l i n e s .  The f o l l o w i n g  

o b s e r v a t i o n s  a r e  grouped under t h e s e  headings .  As b e n t h i c  a l g a e  

undergo s e a s o n a l  s u c c e s s i o n ,  i t  shou ld  be n o t e d  t h a t  t h e  p r e s e n t  su rvey  

was conducted d u r i n g  t h e  month of March. 

TABLE 4. A l g a l  s p e c i e s  recorded  from Honaunau 

Bay and e n v i r o n s ,  March 1969. 

Cyanophyta: C a l o t h r i x  sp .  
Lyngbya sp.  
Trichodesmium s p .  

Chlorophyta:  A c e t a b u l a r i a  Moebi i  
Boodlea sp.  
Chaetomorpha a n t e n n i n a  
Chaetomorpha s p .  
Cladophora sp .  
Cladophoropsis  adhaerens  
D i c t y o s p h a e r i a  cavernosa  
Enteromorpha spp.  
Halimeda d i s c o i d e a  



TABLE 4 (con t inued)  

( ~ h l o r o p h y t a : )  Microdictyon s e t che l l i anum 
Ulva f a s c i a t a  
Valonia  a egag rop i l a  

Chrysophyta: Amphiprora sp.  
Amphora sp.  
Cocconeis sp.  
Me los i r a  sp. 

Phaeophyta: Chnoospora p a c i f i c a  
Colpomenia s i nuosa  
Ec tocarpus  b r e v i a r t i c u l a t u s  
Ec tocarpus  sp.  
Padina j aponica  
Lobophore v a r i e g a t a  
Sargassum echinocarpum 
Sargassum polyphyllum 
S p h a c e l a r i a  t r i b u l o i d e s  
T u r b i n a r i a  o r n a t a  

Rhodophyta: Acrochaetium sp.  
A h n f e l t i a  concinna 
Als idium sp.  
Cent roceras  c lavu la tum 
Cen t roce r a s  minutum 
Ceramium sp.  
Champia pa rvu l a  
E r y t h r o t r i c h i a  sp .  
Galaxaura  sp .  
G e l i d i e l l a  a c e r o s a  
Gelidium sp.  
G e l i d i o p s i s  s c o p a r i a  
G r i f f i t h s i a  sp .  
Hemitrema sp.  
Herpos iphonia  s p  . 
Hypnea sp .  
J a n i a  sp.  
Laurenc ia  subsimplex 
Laurenc ia  spp. 
Melobesioid  sp .  ( u n i d e n t i f i e d )  
Po lys iphonia  sp .  
P o r o l i t h o n  onkodes 
P t e r o c l a d i a  c a p i l l a c e a  
To lyp ioc l ad i a  glomerata  
Wurdemannia min i a t a  

A s i n g l e  and c u r i o u s  excep t i on  t o  t h e  t h r e e  s h o r e l i n e  a r e a s  

which might be mentioned i s  an  exposed, t i n y  sandy beach 500 m sou th  of 

t h e  pa rk  headqua r t e r s .  The low t i d e  s a l i n i t y  i s  34.5  p a r t s  pe r  



thousand a t  t h e  w a t e r ' s  edge. The l a v a  h e r e  i s  b r i g h t  g reen  which 

c o n t r a s t s  s t r i k i n g l y  t o  t h e  b a l a n c e  of t h e  s h o r e l i n e ,  and c o n s i s t s  

l a r g e l y  of a  s i n g l e  s p e c i e s  of Enteromorpha forming a  t i g h t ,  g r e e n  

t u r f  under one h a l f  cm i n  h e i g h t .  The sub-dominant s p e c i e s  i s  Ulva - 
f a s c i a t a .  A  g e l i d i o i d  and P o l y s i p h o n i a  s p .  a r e  a l s o  p r e s e n t .  The 

Enteromorpha d i a g n o s t i c a l l y  i s  s i m i l a r  t o  - E. p r o l i f e r e  ( ~ u e l l e r )  

J .  Agardh a s  Chapman (1956) d e s c r i b e s  i t .  However, h5s New Zealand 

specimens a r e  up t o  0 . 5  m i n  l e n g t h  and two mm i n  wid th  whereas t h e  

p r e s e n t  specimens do n o t  exceed t h r e e  mm i n  l e n g t h  and a r e  50 microns  

wide.  

O f f s h o r e  h a b i t a t s  

The dominant a l g a  i n  t h e  Honaunau e n v i r o n s  i n  terms of a r e a  

coverage  i s  a  melobes io id  e n c r u s t i n g  s h e l t e r e d  s u r f a c e s  of f i n g e r  c o r a l  

( ~ o r i t e s  compressa) .  The second dominant i s  t h e  red  a l g a  T o l y p i c l a d i a  

g lomera ta .  I t  a l s o  grows i n  f i n g e r  c o r a l  i n t e r s t i c e s  and i s  exceed ing ly  

abundant  on a l l - t h e  s t e e p e r  s l o p e s  o f  t h e  hay from t h r e e  t o  a t  l e a s t  15  

fathoms d e p t h .  However, t h i s  s p e c i e s  i s  a l s o  found i n  t r a c e  q u a n t i t i e s  

a l o n g  t h e  e n t i r e  s h o r e l i n e ,  i n  b o t h  exposed and p r o t e c t e d  a r e a s .  

Halimeda d i s c o i d e a  and T u r b i n a r i a  o r n a t a  were found i n  

i n t e r s t i c e s  o f  c a s t l e  c o r a l  ( P o r i t e s  p u k o e n s i s ) ,  t h e  l a t t e r  i n  more 

exposed a r e a s  such a s  a l o n g  t h e  s h o r e l i n e  n o r t h  and s o u t h  of Honaunau 

Bay. 

A l g a l  t u r f s  and encrus tments  occur  commonly on b o u l d e r s  and on 

dead c o r a l ,  and i n  more exposed r e g i o n s  may c o n t a i n  r i c h  f l o r a l  

a g g r e g a t i o n s  of g reen ,  r e d ,  brown and b lue-green  a l g a e .  For  i n s t a n c e ,  

a one-half  c m  h i g h  brownish-colored mat on b o u l d e r s  n e a r  Keomo P o i n t  

c o n s i s t e d  p r i n c i p a l l y  of Laurenc ia  s p . ,  w i t h  v a r y i n g  amounts of t h e  

genera  Herpos iphonia ,  E r y t h r o t r i c h i a ,  Acrochaetium, Pseudobryopis  (?I, 

S p h a c e l a r i a  and C a l o t h r i x  r e p r e s e n t e d .  A  d a r k  ye l low s u r f a c e  scum of 

t h e  b lue-green  p l a n k t o n i c  a l g a ,  Trichodesmium, i s  o f t e n  d i s t r i b u t e d  

o f f s h o r e .  

Exposed s h o r e l i n e s  

On i n t e r t i a l  v e r t i c a l  f a c e s  of exposed p o i n t s  of l and  mee t ing  



t h e  s e a ,  a meter'-wide p ink  band of  t h e  e n c r u s t i n g  melobesioid  

P o r o l i t h o n  onkodes capped w i t h  A h n f e l t i a  concinna i s  c l e a r l y  apparen t .  

Cowries f e ed  n o c t u r n a l l y  i n  t h e  Ahnfe l t i a .  Th is  c o n d i t i o n  i s  .met n o r t h  

of  Miana P o i n t  and a l o n g  t h e  head of  Alahaka Bay, a t  one o r  two p o i n t s  

a l ong  t h e  n o r t h  s h o r e  of Honaunau Bay and a t  s e v e r a l  p o i n t s  between 

Honaunau Bay and Alahaka Bay. 

I n  a r e a s  of heavy s u r f  w i thou t  v e r t i c a l  f a c e s  a c h a r a c t e r i s t i c  

a l g a l  d i s t r i b u t i o n  was no t ed ,  o c c u r r i n g  a long  t h e  n o r t h  s h o r e  of 

Honaunau Bay and Alahaka Bay, and between Puuhonua P o i n t  and Alahaka 

Bay. 

Sargassum echinocarpum dominates t h e  lower l i t t o r a l  f r i n g e .  A. 
. . 

Laurenc ia  sp .  i s  a l s o  abundant  i n  most a r e a s  and P o r o l i t h o n  onkodes i s  

p r e s e n t .  The l i t t o r a l  zone i s  v a r i o u s l y  dominated by A h n f e l t i a  
. . 

concinna,  Ec tocarpus  s p . ,  mats of Ceramium s p .  on Po lys iphonia  sp .  i n  

t u r n  on Als idium s p . ,  and o f  Ceramium s p . ,  G r i f f i t h s i a  sp .  and Champia 

pa rvu l a  on D i c t y o s p a e r i a  cavernosa .  Ulva f a s c i a t a  i s  always p r e s e n t  

i n  some q u a n t i t y  and o f t e n  dominates upper l i t t o r a l  a r e a s  between 

Honaunau Bay and Alahaka Bay. It i s  sub-dominant a l ong  t h e  n o r t h  

- sho re  of  Honaunau Bay. Galaxaura  i s  ve ry  common i n  t h e  upper l i t t o r a l  

zone a t  Puuhonua P o i n t ;  and h e r e  a s u p r a l i t t o r a l  zone i s  dominated by 

Ec tocarpus  b r e v i a r t i c u l a t u s  apd Ectocarpus  s p . ,  sub-dominated by 

Cladophora sp.  and Padina japonica .  

The fo l l owing  s p e c i e s  were a l s o  observed i n  t h e  l i t t o r a l  zone: 

Boodlea s p . ,  Cen t roce r a s  minutum on J a n i a  s p . ,  Ceramium sp .  on Lobophore 

v a r i e g a t a  and on S p h a c e l a r i a  s p . ,  Chnoosphora s p . ,  Cladophoropsis  

adhaerens  , G e l i d i o p s i s  s c o p a r i a ,  Hemi trema Herposiphonia  

Hypnea s p . ,  Microd ic tyon  s e t che l l i anum,  Padina j apon i ca ,  P t e r o c l a d i a  

c a p i l l a c e a ,  Sargassum polyphyllum, Tolypiocladia glomerata  and 

aegag rop i l a .  

P a r t i a l l v  s h e l t e r e d  s h o r e l i n e s  

Valonia  

The e a s t  s h o r e l i n e  and sou th  s h o r e l i n e  w e s t  of Hale-o-Keawe i n  

Honaunau Bay a r e  p a r t i a l l y  s h e l t e r e d  from h i g h  s u r f ,  and c h a r a c t e r i s t i c  

a lgal  s p e c i e s  are found h e r e .  Sargassum echinocarpum dominates t h e  lower 

l i t t o r a l  f r i n g e ,  b u t  i s  f a r  l e s s  abundant t han  a l o n g  exposed s h o r e l i n e s .  



P o r o l i t h o n  onkodes i s  s p a r s e .  The upper l i t t o r a l  zone i s  dominated by 

Ulva f a s c i a t a .  A h n f e l t i a  concinna i s  sub-dominant. Mats of Ceramiurn - 
sp.  and Laurenc ia  subsimplex on Valon ia  a egag rop i l a  a r e  common. 

P t e r o c l a d i a  c a p i l l a c e s  dominates t h e  a r e a  between t h e  lower l i t t o r a l  

Sargassum f r i n g e  and t h e  upper l i t t o r a l  Ulva-Ahnfe l t i a  zone. - 
The fo l l owing  s p e c i e s  were a l s o  recorded  i n  t h e  l i t t o r a l  zone: 

Cent roceras  minutum on J a n i a  s p . ,  Chaetomorpha an tenn ina ,  Colpomenia 

s i nuosa ,  D ic tyosphae r i a  cavernosa,  G e l i d i e l l a  a ce ro sa ,  Hemitrema s p ,  

Herposiphonia  sp .  on Hypnea s p . ,  Laurenc ia  s p . ,  Microdictyon 

s e t c h e l l i a n u m  and ~urdemmannia  min i a t a .  

P r o t e c t e d  s h o r e l i n e s  

The s h o r e l i n e s  of Kapuwa'i cove,  Keone-el i  cove and a  sha l low 

i n l e t  wes t  of Hale-o-Keawe, a l l  i n  Honaunau Bay, r e c e i v e  a  minimum of 

wave a c t i o n .  The dominant upper l i t t o r a l  g reen  seaweeds a t  Kapuwa'i 

a r e  Ulva r e c t i c u l a t a  and Enteromorpha sp.  These were n o t  observed i n  - 
keone -e l i  where 'dominance was expressed  by Ulva f a s c i a t a  and by a  - 
green  s h o r e l i n e  scum. The scum c o n s i s t e d  of f i l amentous  dia tom c o l o n i e s  

of t h e  genus Amphiprora, b u t  t h e  d ia tom genera  Melos i ra ,  Amphora and 

Cocconeis were a l s o  r ep r e sen t ed .  

Growing i n  t h e  m i d l i t t o r a l  zone a t  Kapuwa'i i s  a  t u r f  of 

Wurdemannia m i n i a t a  under ly ing  Ceramium sp .  Also observed were 

Gelidium s p . ,  Chaetomorpha sp .  and a n e g l i g i b l e  q u a n t i t y  of Ulva 

f a s c i a t a .  Along t h e  s h o r e l i n e s  of bo th  Kapuwa'i and Keone-el i  a r e  

abundant  b r a c k i s h  p i p i p i s  ( ~ h e o d o x u s  n e g l e c t u s )  and mussels  sogn gnomon 
ca l i f o rn i cum) .  

The dominant s u b l i t t o r a l  b e n t h i c  a l g a  i n  bo th  coves t o  a  dep th  of 

one h a l f  meter i s  Cent roceras  c lavulatum.  The r e d d i s h  3.5 cm f r o n d s  

are t i p p e d  w i t h  1 .5  cm diatom f i l a m e n t s  of t h e  genus Amphiprora. The 

c o l l e c t i o n  i s  most abundant i n  Keone-el i  which a l s o  r e c e i v e s  f a r  more 

o r g a n i c  m a t t e r  than  does  Kapuwa'i due t o  t h e  p rox imi ty  of two ce s spoo l s .  

N i t r a t e  and phosphate  l e v e l s   able 2) are h i g h e s t  i n  Keone-el i .  These 

p o l l u t i o n  f a c t o r s  undoubtedly i n f l u e n c e  t h e  heavy a l g a l  growth. The 

dia tom e p i p h y t e s  of Kapuwa ' i  a r e  l i g h t  brown i n  c o l o r ,  whereas i n  

Keone-e l l  they  a r e  deep green ,  c o n t r a s t i n g  s t r i k i n g l y  w i th  t h e  r ed  



Centroceras .  

Other b e n t h i c  genera noted i n  Keone-eli were Chnoospora, 

Chaetomorpha, Ace t abu la r i a ,  Cladophoropsis and Lyngbya. The l a s t  

genus, a blue-green, was n o t  observed i n  Kapuwa'i, and i s  known t o  

t o l e r a t e  high l e v e l s  o r  o rganic  .mat ter .  

From t h e  depth of one h a l f  t o  two meters ,  t h e  substratum of 

Keone-eli cove i s  b lanke ted  by a s p e c i e s  of Gelidium, aga in  f r i nged  

wi th  e p i p h y t i c  diatom f i l amen t s .  I n  t h i s  ca se  t h e  f i l amen t s  a r e  

mostly of t h e  genus Melos i ra .  Beneath t he  Gelidium, exposed b a s a l t  

s u r f a c e s  a r e  n e a r l y  100 p e r  cen t  encrus ted  w i th  r edd i sh  melobesioid a lgae .  

Poro l i thon  onkodes was i d e n t i f i e d  from f e r t i l e  m a t e r i a l .  

I t  i s  g e n e r a l l y  f e l t  t h a t  c o r a l  spec i e s  dominating Honaunau Bay 

t o l e r a t e  only low l e v e l s  of phosphate,  and a s  noted i n  Chapter e i g h t ,  

t h e  approach t o  Keone-eli  i s  r e l a t i v e l y  devoid of c o r a l .  The c o r a l  

p r e s e n t  i s  l a r g e l y  enc rus t ed  w i th  p l a n t  and animal growths which i s  t o  

say  i t  i s  dead o r  dying. Presumably l ack  of compet i t ion  from c o r a l  i s  

t h e  reason melobesioid a l g a e  a r e  a b l e  t o  f l o u r i s h  he re ,  a s  except ing 

on i n t e r t i d a l  b a s a l t  f a c e s  Poro l i thon  onkodes i s  s c a n t  i n  Honaunau Bay. 

The l i v i n g  c o r a l  p r e s e n t  i n  Keone-eli c o n s i s t s  of genera ( e - g . ,  - - 
Polythoa) n o t  common t o  t h e  bay proper.  

A s  po in ted  o u t  i n  Chapter 10, r e l a t i v e l y  few sea  urch in  spec i e s  

were noted a t  t h e  en t r ance  t o  Keone-eli: Echinometra mathaei dominates 

and - E.  oblonga i s  p r e s e n t .  The shal low,  p ro t ec t ed  i n l e t  west  of 

Hale-o-Keawe, by comparison, has  urch ins  abundant a t  dep ths  of under one 

meter. T r ipneus t e s  g r a t i l l a  and Echinometra mathaei  dominate and 

Echinothr ix  spp. and Heterocent ro tus  mamillatus a r e  a l s o  common. 

The a l g a e  i n  t h i s  i n l e t  a r e  more r e p r e s e n t a t i v e  of t h e  nearby 

s h o r e l i n e  than of o t h e r  p ro t ec t ed  h a b i t a t s .  No scummy diatom growths 

were seen,  and t h e  b e n t h i c  s p e c i e s  l i s t e d  by o rde r  of dominance were 

Ulva f a s c i a t a ,  Cent roceras  minutum on Hypnea s p . ,  Ceramium sp. on - 
J a n i a  s p . ,  Dic tyosphaer ia  cavernosa,  Laurencia sp.  and Valonia 

aegagropi la .  Also observed were Tolypioc lad ia  glomerata ,  Hemitrema sp. 

and G e l i d i e l l a  acerosa .  



Chapter  8 

CORAL 

I n t r o d u c t i o n  

Cora l  popula t ions  i n  Honaunau Bay and Alahaka Bay were q u a n t i t a -  

t i v e l y  surveyed i n  March 1969. Four 100-meter underwater t r a n s e c t s  

(F igs .  16-20) were e s t a b l i s h e d  a t  Honaunau Bay and one was e s t a b l i s h e d  

a t  Alahaka Bay. A s  d a t a  gathered were no t  r e s t r i c t e d  t o  c o r a l s ,  phys i ca l  

s p e c i f i c a t i o n s  of t h e  t r a n s e c t s  a r e  presen ted  i n  Chapter 5 on underwater 

topography. 

Methods 

Surveying was conducted by a  team of SCUBA d i v e r s  u s ing  a  
2  

mod i f i ca t i on  of the  po in t -quadra t  method of sampling. A 1 m s t e e l  

quad ra t  was placed a t  r e g u l a r  i n t e r v a l s  a long  each t r a n s e c t  l i n e ,  and 

depth  was noted.  The s p e c i e s  of c o r a l  l y i n g  d i r e c t l y  under each corner  

- of t h e  quadra t  was recorded s e p a r a t e l y ,  and those  w i t h i n  t h e  quadra t  

were recorded q u a l i t a t i v e l y ,  a s  p r e s e n t  o r  absen t .  The percentage  

cover  of each c o r a l  s p e c i e s  was then determined with t he  fo l lowing  

formula: 

No. of quadra t  co rne r s  s p e c i e s  found under x 100 = % cover  f o r  
T o t a l  no. of quadra t  co rne r s  sampled s p e c i e s  i n  

ques t i on .  

R e s u l t s  

Both a b s o l u t e  and r e l a t i v e  abundance (Table  5)  of c o r a l  s p e c i e s  

recorded i n  Honaunau Bay and Alahaka Bay were determined. However, 

s e v e r a l  s p e c i e s  were p r e s e n t  b u t  n o t  observed on t r a n s e c t  l i n e s  and 

hence a r e  n o t  included i n  Table  5. They a r e  Fungia s c u t a r i a ,  observed 

n e a r  t h e  sha l low end of T ransec t  1, and S a r c o t h e l i a  edmondsoni and 

Polythoa sp ,  both observed a t  a  dep th  of l e s s  than one fathom i n  

contaminated Keone-eli  cove and elsewhere.  Spec ies  n o t  observed a t  a l l  

on t h i s  survey,  bu t  found i n  va ry ing  abundances a t  nearby a r e a s  a long  
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FIGURE 16. Cora l  composi t ion on T ransec t  1, Honaunau Bay. 
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FIGURE 17. C o r a l  c o m p o s i t i o n  on T r a n s e c t  2 ,  Honaunau Bay. 
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FIGURE 18. Coral  composition on Transec t  3 ,  Honaunau Bay. 



I SPECIES 
METERS FROM SHORE 

I PORITES COMPRESSA 

I PAVONA VARIANS 

I LEPTASTREA PURPUREA 

1 CYPHASTREA OCELLINA- 

I I I I I I I I I I I 
13 20 22 24 28 24 30 33 31 33 31 

DEPTH IN FEET . 

FIGURE 19.  C o r a l  compos i t ion  on T r a n s e c t  4, Honaunau Bay. 
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FIGURE 20. Coral composition on Transect 5, Alahaka Bay. 



t he  Kona Coast i nc lude  Poci l lopora  damicornis,  Psammocora s t e l l a t a ,  

Leptoser i s  hawai iens is ,  Pavona explanata and P. minuta. - 

TABLE 5. Absolute and r e l a t i v e  abundance of c o r a l s  
i n  Honaunau Bay and Alahaka Bay. 

Honaunau Bay 
( 4  t r a n s e c t  average) 

Alahaka Bay 
( 1  t r a n s e c t )  

Coral spec ie s  
% % of % % of 

cover c o r a l  cover c o r a l  
cover cover 

PORI TES PUKOENS I S 34.64 51.15 18.54 54.72 

P. COMPRESSA 27.54 40.66 12.90 38.07 

PAVONA VARIANS 3.60 5.31 - - - - 
LEPTASTREA PURPUREA 0.68 1.00 - - - - 
POCI LLOPORA .MEANDRINA 0.50 0.73 1.61 4.75 

MONTIPORA SPP. . , . 0.50 0.73 0.80 2.36 

CYPHASTREA OCELLINA (0 .50  <0. 50 - - - - 

% Coral Cover 

Discussion 

1. General f e a t u r e s  of t h e  c o r a l  community i n  Honaunau Bay and Alahaka 

Bay. 

The c o r a l  community i n  these  bays, a l though spec tacu la r ,  i s  n o t  

very d iverse .  I n d i c e s  of spec ie s  d i v e r s i t y  were computed ( a f t e r  

Shannon & Weaver, 1949) f o r  both bays. These were 0.846 f o r  Honaunau 

Bay and 0.876 f o r  Alahaka Bay and i n d i c a t e  r e l a t i v e l y  low spec ie s  

d i v e r s i t y .  The i n d i c e s  of d i v e r s i t y  a r e  roughly the  same even though 

t h e  percentage t o t a l  cover a t  Honaunau Bay i s  roughly twice t h a t  of 

Alahaka Bay. Table 5  a l s o  i n d i c a t e s  t h a t  t he  r e l a t i v e  composition of 

t h e  two bays i s  roughly t h e  same. I n  both cases ,  roughly 92 per  cen t  of 

t h e  t o t a l  c o r a l  cover i s  a t t r i b u t a b l e  t o  t h e  two dominant spec ie s  of 
P o r i t e s .  



2. V e r t i c a l  zonat ion.  

I t  i s  ev ident  (Fig.  21) t h a t  t h e  dominant spec ies  of P o r i t e s  

occupy somewhat d i f f e r e n t  though overlapping h a b i t a t s .  P o r i t e s  

pukoensis reaches peak dens i ty  between 5  and 20 f e e t  while  - P. compressa 

reaches maximum dens i ty  i n  depths g r e a t e r  than 20 f e e t .  This  i s  

reasonable when the  morphology of the  two spec ie s  i s  considered. The 

r e l a t i v e l y  f r a g i l e  branches of P. compressa a r e  e a s i l y  broken i n  the  - 
surge c h a r a c t e r i s t i c  of shallow water .  However, branching inc reases  the  

su r face  t o  volume r a t i o  and s i n c e  food ca tching  a b i l i t y  should be 

r e l a t e d  t o  exposed su r face  i n  c o r a l s ,  one might expect P. compressa t o  - 
outcompete - P. pukoensis a t  depths where surge i s  no longer  important .  

Abundance of Pavona va r i ans  fol lows t h a t  of P o r i t e s  compressa 

very c l o s e l y .  Pavona v a r i a n s  i s  u sua l ly  found encrus t ing  dead bases of 

P o r i t e s  compressa. Therefore the  apparent  c o r r e l a t i o n  i n  abundances of 

t h e  two spec ie s  i s  not  f o r t u i t o u s .  

Pocill .opora meandrina i s  common i n  shallow water around the  edge 

of the  bays. S ince  a l l  t r a n s e c t s  i n  t h i s  s tudy ran d i r e c t l y  of fshore ,  

however, t he  abundance of - P. meandrina was underestimated. I t s  presence 

i n  the  surge  zone suggests  t h a t  t h i s  spec ie s  i s  t o l e r a n t  t o  r e l a t i v e l y  

harsh ,  uns table  ecologica l  condi t ions .  Though i t  i s  a  branching form, i t  

i s  not  broken by moderate surge  and thus can occupy a  h a b i t a t  unavai lab le  

t o  P o r i t e s  compressa. 

The genus Montipora i n  Honaunau Bay i s  e s s e n t i a l l y  r e s t r i c t e d  t o  

deep water .  I t  does no t  form a  s i g n i f i c a n t  por t ion  of t he  c o r a l  cover i n  

depths l e s s  than 25 f e e t  and increased  i n  importance r ap id ly  wi th  depth. 

However, specimens were co l l ec t ed  a t  a  depth of four  f e e t  a t  Keone-eli 

cove i n  Honaunau Bay. 

D i s t r i b u t i o n  of t o t a l  c o r a l  cover with depth (Fig.  22) i s  a t  a  

minimum i n  the  surge  zone and reaches peak cover between 15 f e e t  and 25 

f e e t .  I t  then slowly decreases with inc reas ing  depth. The c o r a l  i s  

probably l imi t ed  by wave a c t i o n  near  shore  and perhaps by decreas ing  

l i g h t  pene t r a t ion  with inc reas ing  depth i n  deeper water .  

3.  Coral s e n s i t i v i t y  t o  environmental condi t ions .  

Within Honaunau Bay cons iderable  v a r i a t i o n  i n  the  percentage 



V TOTAL COVER 

d PAVONA VARIANS 

0 POCILLOPORA MEANDRINA 

o PORITES COMPRESSA 

x PORITES PUKOENSIS 

DEPTH IN FEET 

FIGUiCE 21. Composition of major corai species in 
Honaunau Bay as a function of depth. 
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.FIGURE 22. T o t a l  c o r a l  cover  a s  a f m c t i o n  of depth  on Transec t s  1 through 4 a t  
Honaunau Bay and Transec t  5 a t  Alahaka Bay. "XIr i n d i c a t e s  c o r a l  was a b s e n t  a t  t h e  
quadra t  c o r n e r s  b u t  p r e s e n t  w i t h i n  t h e  quad ra t ;  "4" i n d i c a t e s  c o r a l  was p r e s e n t  a t  a l l  
f o u r  c o r n e r s  of t h e  quadra t .  The s p e c i e s  composition i s  presen ted  on Table  5. 





t o t a l  c o r a l  cove r  e x i s t e d  between t r a n s e c t s .  A p l o t  of pe rcen tage  

cover  of P o r i t e s  compressa a g a i n s t  pe r cen t age  t o t a l  c o r a l  cover  (F ig .  23) 

y i e l d s  a  s t r a i g h t  l i n e  w i t h  a  s l o p e  v e r y  c l o s e  t o  1. This  i n d i c a t e s  

t h a t  most v a r i a t i o n s  i n  t o t a l  c o r a l  cove r  w i t h i n  t h e  bay a r e  due t o  

v a r i a t i o n s  i n  cove r  of  P o r i t e s  compressa a l o n e .  I f  t h i s  i s  t r u e ,  t hen  

t h e  pe r cen t age  cover  of P o r i t e s  pukoensis  must remain e s s e n t i a l l y  

c o n s t a n t  s i n c e  t h e s e  two s p e c i e s  from t h e  bu lk  of t h e  c o r a l  community. 

Th is  sugges t s  t h a t  P. compressa is  s e n s i t i v e  t o  l o c a l  v a r i a t i o n s  i n  - 
e c o l o g i c a l  c o n d i t i o n s  w i t h i n  t h e  bay w h i l e  - P. pukoensis  and o t h e r  

s p e c i e s  a r e  more p robab ly  r e l a t i v e l y  i n s e n s i t i v e  t o  such v a r i a t i o n s .  

The r e g i o n  o f  Keone-eli  cove i s  contaminated by seepage from two 

ce s spoo l s  a  s h o r t  d i s t a n c e  from t h e  sandy s h o r e l i n e .  I n  o rde r  t o  

compare t h e  b i o t a  exposed t o  t h i s  c o n d i t i o n  t o  b i o t a  i n  c l e a n e r  wa t e r ,  

T ransec t  3  was e s t a b l i s h e d  a long  t h e  channe l  l e a d i n g  from t h e  cove i n t o  

t h e  bay p r o p e r ,  and T ransec t  2  e s t a b l i s h e d  (F ig .  12) j u s t  n o r t h  i n  

wa t e r s  more t y p i c a l  of  t h e  bay. The r ea son  T r a n s e c t  3 l a y  a t  t h e  e n t r a n c e  

t o  Keone-el i  and  n o t  w i t h i n  t h e  contaminated cove i t s e l f  i s  t h a t  t h e r e  

a r e  no comparable c l e a n e r  a r e a s  w i t h i n  Honaunau Bay. 

Data  t aken  on t h e  shoreward 60 mete rs  of  T ransec t s  2  and 3 were 

c o n t r a s t e d .  Contaminat ion a long  much of t h i s  s e c t i o n  of T ransec t  3  had 

been p r e v i o u s l y  no ted  by t h e  p a u c i t y  of f i s h ,  t u r b i d i t y  of t h e  wa t e r  and 

by t h e  p r e sence  of dead and encrus ted  c o r a l .  

There  were  1 6  quad ra t  samples made a l o n g  t h i s  s e c t i o n  of each 

t r a n s e c t .  On T r a n s e c t  2  dep th s  range  from s i x  t o  17 f e e t  w i t h  t h r e e  

quad ra t s  under a  dep th  of  10 f e e t  and one over  15 f e e t .  On T ransec t  3 .  
I 

dep th s  range  from f o u r  t o  21 f e e t  w i t h  two q u a d r a t s  under 10 f e e t  and 

e i g h t  over  15 f e e t .  T r ansec t  3  hence l i e s  i n  s l i g h t l y  deeper  wate r .  

There  were no  s i g n i f i c a n t  d i f f e r e n c e s  i n  u r ch in  popu l a t i ons  a long  

t h i s  s e c t i o n  of  t h e  two t r a n s e c t s ,  b u t  t h e  f requency  of  two c o r a l  s p e c i e s  

. showed marked d i f f e r e n c e s .  P o r i t e s  compressa was no ted  up t o  17 f e e t  on 

T ransec t  3  and was p r e s e n t  t h r e e  t imes on t h e  16  quad ra t s .  On T rans ec t  

2 i t  was no ted  up t o  10 f e e t  and was p r e s e n t  17 t imes .  Pavona v a r i a n s ,  

on t h e  o t h e r  hand, was p r e s e n t  e i g h t  t imes  on T ransec t  3 and on ly  tw ice  

on T ransec t  2. 



I t  i s  no ted  above t h a t  of t h e  Honaunau c o r a l s ,  P o r i t e s  compressa 

i s  p robab ly  t h e  most s e n s i t i v e  t o  env i romenta l  c o n d i t i o n s .  S i n c e  i t  i s  

a deeper-water  s p e c i e s ,  i t s  f a r  g r e a t e r  abundance on T r a n s e c t  2 ,  t h e  

s h a l l o w e r  b u t  c l e a n e r  t r a n s e c t ,  i s  indeed c u r i o u s .  I t  i s  n o t e d  above 

t h a t  P o r i t e s  compressa and Pavona v a r i a n s  s h a r e  s i m i l a r  d i s t r i b u t i o n s  a s  

t h e  l a t t e r  s p e c i e s  e n c r u s t s  dead a r e a s  of t h e  former.  On T r a n s e c t  3 ,  

however, t h e  r e l a t i o n s h i p  i s  i n v e r s e .  The obvious  e x p l a n a t i o n  of t h e s e  

i n c o n s i s t e n c i e s  i s  t h a t  much dead P o r i t e s  compressa i s  p r e s e n t  on 

T r a n s e c t  3 ,  b u t  is  s o  t o t a l l y  abraded  and e n c r u s t e d  by Pavona t h a t  i t  

was n o t  i d e n t i f i e d  a s  such.  

P o r i t e s  compressa,  t h e n ,  used t o  b e  f a r  more common i n  t h i s  

s e c t i o n  o f  Honaunau Bay t h a n  i t  i s  today.  The worn b a s e s  a r e  s t i l l  p r e s e n t  

and a r e  abundan t ly  e n c r u s t e d  w i t h  Pavona. A s  no o t h e r  e x p l a n a t i o n  i s  

a v a i l a b l e ,  presumably t h e  p a s s i n g  o f  f i n g e r  c o r a l  was b rought  a b o u t  by 

p o l l u t i o n  f a c t o r s  such as i n c r e a s e d  l e v e l s  of phosphorus i n  t h e  water .  

4. Urch in-cora l  r e l a t i o n s h i p s .  

T e s t s  were run  t o  de te rmine  i f  s e a  u r c h i n  abundance was r e l a t e d  

t o  t h e  abundance of any s i n g l e  c o r a l  s p e c i e s  o r  combinat ion of c o r a l  

s p e c i e s ,  t o  c o r a l  d i v e r s i t y  o r  t o  t o t a l  c o r a l  cover .  No a p p a r e n t  

c o r r e l a t i o n s  e x i s t .  Thus u r c h i n  abundance a p p e a r s  t o  b e  independen t  of 

c o r a l  abundance and t h e  f a c t o r s  which r e g u l a t e  t h e  abundance of t h e  two 

t y p e s  of organisms a r e  p robab ly  n o t  t h e  same. 



Chapter  9  

MARINE MOLLUSKS 

Approximately  120 s p e c i e s  o f  mar ine  and b r a c k i s h  w a t e r  mol lusks  a r e  

h e r e  recorded  (Tab le  6 )  from t h e  e n v i r o n s  o f  Honaunau Bay, Hawaii. The 

assemblages  a r e  d e s c r i b e d  below i n  terms o f  f i v e  g e n e r a l  h a b i t a t  types :  

h i g h  s h o r e l i n e  ( o r  s u p r a l i t t o r a l ) ,  exposed i n t e r t i d a l  c l i f f s  and benches ,  

t i d e p o o l s ,  b r a c k i s h  w a t e r  a r e a s  and s u b t i d a l  r e a c h e s ,  and a r e  compared 

w i t h  t h e  mol luscan  b i o t a  o f  a  n e i g h b o r i n g  Kona Coast  a r e a  and w i t h  t h a t  

o f  a  t o p o g r a p h i c a l l y  s i m i l a r  r e g i o n  a t  Poipu,  Kauai.  

T h i s  s u r v e y  o f  t h e  m a r i n e  mol luscan  fauna  o f  Honaunau i s  based on  

a  t h r e e - d a y  s t u d y  o f  t h e  a r e a  conducted i n  A p r i l ,  1969.  Some o b s e r v a t i o n s  

from a n  e a r l i e r  s u r v e y  o f  t h e  bay (Kay, 1957) a r e  i n c o r p o r a t e d  i n  t h e  r e -  

p o r t  t o  i n c r e a s e  i t s  s c o p e .  The A p r i l ,  1969, s u r v e y  was l i m i t e d  t o  exam- 

i n a t i o n  and a n a l y s i s  o f  s h o r e l i n e  h a b i t a t s ;  s u b t i d a l  o b s e r v a t i o n s  a r e  

minimal  because  a n  e x t e n s i v e  s u r v e y  o f  t h e  s u b t i d a l  r e a c h e s  o f  t h e  bay 

i s  p o s s i b l e  o n l y  w i t h  t h e  p a r t i c i p a t i o n  o f  a  team o f  d i v e r s  

The h i g h  s h o r e l i n e  

The dominant m o l l u s k s  o f  t h e  h igh  s h o r e l i n e  o r  s u p r a l i t t o r a l  r e g i o n  

a t  Honaunau Bay a r e ,  a s  i s  c h a r a c t e r i s t i c  of  t h i s  r e g i o n  th roughout  t h e  

i s l a n d s ,  t h e  l i t t o r i n e s ,  L i t t o r i n a  p i c t a  and L. p i n t a d o .  L i t t o r i n e s  a r e  

t o  be found i n  abundance on  t h e  b l u f f s  o f  t h e  n o r t h  r i m  of  t h e  bay,  on 

t h e  s e a - l e v e l  b a s a l t  p l a t f o r m s  f r i n g i n g  t h e  e a s t e r n  h a l f  of  t h e  bay, and 

on  t h e  e x t e n s i v e  b a s a l t  s h e l f ,  Puuhonua P o i n t ,  which forms t h e  southwes- 

t e r n  marg in  o f  t h e  C i t y  o f  Refuge.  They o c c u r  above t h e  normal r e a c h e s  

o f  t i d e s  and waves b u t  w i t h i n  r e a c h  o f  s p r a y .  

I n  a d d i t i o n  t o  t h e  dominant l i t t o r i n e s  no ted  above,  two unusua l  

p o p u l a t i o n s  o f  h i g h  s h o r e l i n e  mol lusks  were a l s o  s e e n  a t  Honaunau, bo th  

o n  t h e  b a s a l t  s u b s t r a t e  f r i n g i n g  t h e  s h o r e  a t  t h e  mouth o f  t h e  i n l e t ,  

Kapuwa'i. Beneath t h e  s t o n e  w a l l  a t  t h e  s o u t h e a s t e r n  r i m  i s  a  co lony  of  

two s p e c i e s  o f  m a r i n e  pu lmona tes ,  ~ e l a m ~ u k  s p .  and Laemondonta b r o n n i .  

Al though mar ine  pulmonates a r e  o f  f a i r l y  common o c c u r r e n c e  i n  h i g h  shore -  

l i n e  b o u l d e r  and r u b b l e  a r e a s  a l o n g  a l l  Hawaiian c o a s t s ,  t h i s  co lony  i s  



TABLE 6 .  A check l i s t  o f  marine mollusks  recorded 

from Honaunau and Kealakekua Bays, Hawaii ,  and Poipu, Kauai ,  

GASTROPODS Honaunau Kealakekua Poipu, 
Bay Bay Kauai 

Diodora  g r a n i f e r a  x x x 

Tuga l i  oblonga 

Ce l l ana  e x a r a t a  x x 

Ce l l ana  sandwichensis  x x x 

Ce l l ana  t a l c o s a  x x x 

Euchelus  gemiiatus x x x 

Trochus h i s  t r i o  x x x 

Gibbula  marmorea x x x 

T h a l o t i a  r u b r a  x x x 

T h a l o t i a  subangula ta  

P h a s i a n e l l a  v a r i a b i l i s  

* l ~ e ~ t o t h ~ r a  r u b r i c i n c t a  

**Lep t o t h y r a  v e r r u c a  

Synap t ococh l ea  concinna 

Turbo a rgy ros  toma 

N e r i t a  p i c e a  

N e r i t a  p o l i t a  

Theodoxus n e g l e c t u s  

*3~heodoxus  c a r i o s a  

L i t t o r i n a  p i c t a  

L i t t o r i n a  p in t ado  



TABLE 6  (con t inued)  

GASTROPODS Honaunau Kealakekua Poipu,  
Bay Bay Kau a i 

A 4 ~ i t t o r j - n a  u n d u l a t a  x 

P e a s i e l l a  t a n t i l l a  x x x 

P l a n a x i s  l a b i o s a  x x x 

Phenacolepas  s p  . 
* 5 ~ a r l e e i a  sp .  

R i s s o i n a  arnbigua x x x 

R i s s o i n a  g r a c i l i s  x 

R i s s o i n a  mi l tozona  x 

R i s s o i n a  t r i t i c e a  x 

R i s s o i n a  t u r r i c u l a  x 

P a r a s h i e l a  sp.  x 

Mere l ina  sp .  

Zebina t r i d e n t a t a  

Cyc los t remiscus  minut iss i rnus  

V i t r i n e l l i d  sp .  1 

V i t r i n e l l i d  sp .  2 

R i s o e l l a  s p .  

Assiminea sp .  

Caecum sepimentum 

* 6 ~ i  t t ium parcum 

B i t t i u m  zebrum 

C e r i  thium at romarginatum 

Cer i th ium i n t e r s t r i a t u r n  

Cer i th ium nes io t i cum 
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GASTROPODS Honaunau Kealakekua Poipu, 
Bay Bay Kauai 

d.7 

C e r i  thium pharos  x 

* 7 ~ e r i t h i u m  g r a n i f e r a  

* 7 ~ e r i  thium co lumna 

O b t o r t i o  sp .  

S c a l i o l a  sp .  

P l e s i o t r o c h u s  souverb ianus  

C e r i t h i o p s i s  spp. 

Vanikoro sp .  

Fossarus  sp .  

Modulus tectum 

Dendropoma sp .  

S e r p u l o r b i s  sp .  

Vermetus sp .  

T r ipho ra  spp. 

B a l c i s  sp .  

Leos t r aca  m e t c a l f e i  

Mucronal ia  n i t i d u l a  

S t i l i f e r  mit t rei  

Epi tonium spp. 

Strombus maculatus  

Hipponix a u s t  ra l is  

Hipponix grayanus 

Hipponix f o l i a c e u s  

Hipponix p i l o s u s  
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Bay Bav Kau a i  

C h e i l e a  e q u i s  t r i s  x 

Crucibulum spinosum x 

E r a t o  sandwichens i s  

Cypraea f i m b r i a t a  

Cypraea mauiens i s  

Cypraea moneta 

Cypraea p o r a r i a  

Cypraea t e r e s  

Cypraea c a p u t s e r p e n t i s  

Cypraea m a c u l i f e r a  

Cypraea m a u r i t i a n a  

Cypraea t i g r i s  

T r i v i a  i n s e c t a  

T r i v i a  e d g a r i  

T r i v i a  rosacea  

Charon ia  t r i t o n i s  

Cymatium nicobar icum 

Cymatium p i l e a r e  

Bursa  b u f o n i a  

C a s s i s  c o r n u t a  

H e l i a c u s  implexa 

P o l i n i c e s  sp.  

N a t i c a  maroch iens i s  

Kogomea sandwichensis  

V o l v a r i n a  sp.  
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GASTROPODS 
Honaunau Kealakekua Poipu, 

E ~ Y  Bay Kauai 

Aspel la  sp. x x x 

C o r a l l i o p h i l a  sp.  x x 

Drupa morum 

Drupa r i c i n a  

Drupa rubusidaeus 

*%aculo t r i  ton s e r r i a l e  

Morula brunneolabrum 

Morula g ranu la t a  

Morula ochros toma 

Morula uva 

Provexillum fusconigra  

Provexillum v e x i l l a  

Nucella harpa 

Rhizochi lus  madreporarum 

Thais in te rmedia  

Engina iodos i a  

Euplica va r i ans  

* 9 
M i t r e l l a  margar i ta  

Seminel la  v a r i a  

Columbellidae 

P e r i s  t e r n i a  ch loros  toma 

L a t i r u s  nodatus 

Buccinidae 

Turr idae 
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GASTROPODS 
Honaunau Kealakekua Poipu , 

Bay Bay Kauai 

Car inapex minut i s s ima  x x 

Daphne l la  i n t e r r u p t a  x 

I r e d a l e a  e x i l i s  x 

Kermia h a r e n u l a  

Kermia pumila 

Daphne l la  p roduc ta  

Macteola  s e g e s t a  

Mi t r a  c a n c e l l a r i o i d e s  

M i t r a  cucumerina 

M i t r a  l i t t e r a t a  

Mitra spp. 

Conus a b b r e v i a t u s  

Conus c a t a s  

Conus cha ldaeus  

Conus d i s t a n s  

Conus f l a v i d u s  

Conus l i v i d u s  

Conus s p o n s a l i s  

Conus eb raeus  

Conus i m p e r i a l i s  

Conus m i l e s  

*loconus p u l i c a r i u s  

Conus r a t t u s  

* l l ~ e r e b r a  a f f i n i s  

* l l ~ e r e b r a  a rgus  
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GASTROPODS Honaunau Kealakekua Poipu,  
Rav Rav Kauai 

*11 
T e r e b r a  f e l i n a  

*11 
T e r e b r a  g u t t a t a  x 

* l l ~ e r e b r a  incons  t a n s  x 

*11 T e r e b r a  h e c t i c a  

*11 
T e r e b r a  p e n i c i l l a t a  

*11 
T e r e b r a  s t r i g i l a t a  

S i p h o n a r i a  normal i s  

Melampus sp .  

Ped ipes  sp .  

Laemodonta b r o n n i  

Atys s p .  

Atys s e m i s t r i a t a  

Haminea c r o c a t a  

Haminea s i m i l l i m a  

B u l l a r i a  adamsi 

B u l l i n a  s c a b r a  

J u l i a  e x q u i s i  ta 

P y r a m i d e l l i d  s p .  

*12 
O t o p l e u r a  m i t r a l i s  

*12 
Pup a  thaanumi 

* 1 2 ~ y r s m i d e l l a  s u l c a t a  

Umbraculum 

Smaragd ine l l a  c a l y c l u l a t a  

A p l y s i a  p a r v u l a  

D o l a b r i f e r a  d o l a b r i f e r a  
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GASTROPODS 
Honaunau Kealakekua Poipu, 

Bay Bay Kauai 

S t y l o c h e i l u s  longicaudus 

E l y s i a  r e t i c u l a t a  

G los sodo r i s  l i n e a t a  

Onchidium sp.  

Dendrodoris  n i g r a  

Hexabranchus sp .  

Hyda t ina  amplus t re  

Micromelo guamensis 

BIVALVES 

Acar p l i c a t a  

H e m i  cardium mundum 

Nesobornia  o v a t a  

P e r i g l y p t a  r e t i c u l a t a  

Ctena b e l l a  

Spondylus sp .  

O s t r e a  han leyana  

Isognomon pe rna  

Isognomon ca l i f o rn i cum 

*13pecten s p  . 
*13kingui te l l ina  robus t a  

*13 
T e l l i n a  spp.  

*13 
Macoma sp .  

*13 
Angulus s p  . 

' Hormomya c r e b r i s t r i a t u s  
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Honaunau Kealakekua Poipu,  
BIVALVES Bay Bay Kauai 

P inna  m u r i c a t a  x x . 

Chama i o s  toma x x x 

P i n c t a d a  r a d i a t a  

E r v i l i a  sp .  

Anisodonta  a n g u l a t a  

Arc i -ne l l a  sp .  

AMPHINEURA 

I s c h n o c h i t o n  v i r i d i s  

Notes :  - .  

*l. L e p t o t h y r a  r u b r i c i n c t a  i s  v e r y  common a t  b o t h  Honaunau and 
Kealakekua Bays b u t  uncommon a t  Poipu,  Kauai. 

Kealakekua. 

Theodoxus c a r i o s a  o c c u r s  o n l y  i n  s t i l l  b r a c k i s h  and f r e s h w a t e r s .  

L i t t o r i n a  u n d u l a t a  i s  one o f  t h e  two dominant  l i t t o r i n e s  i n  
t h e  C e n t r a l  P a c i f i c  b u t  o n l y  r a r e l y  found i n  t h e  Hawaiian 
I s l a n d s .  

B a r l e e i a  sp .  forms 31% o f  t h e  a l g a l  m a t  i n  Padina-dominated 
o u t e r  seaward t i d e p o o l s  a t  Honaunau and 41% o f  t h e  mat i n  
s i m i l a r l y  p l a c e d ,  p o o l s  a t  Poipu,  Kauai.  

E i t t i u m  parcum forms o n l y  13% t o  27% o f  t h e  mol lusks  i n  t h e  
a l g a l  m a t  o f  seaward t i d e p o o l s  a t  Honaunau, Hawaii  b u t  up t o  
40% o f  t h e  mat i n  s i m i l a r  t i d e p o o l s  on  Kauai.  

Cer i th ium p h a r o s ,  C. g r a n i f e r a ,  and C. columna a r e  sand-  
d w e l l i n g  molluslcs, u s u a l l y  found a t  d e p t h s  o f  1 0  f e e t  o r  more. 

The absence o f  t h e  mur ic id  M a c u l o t r i t o n  s e r r i a l e  b o t h  a t  
Honaunau and Kealakekua i s  i n t e r e s t i n g ;  i t  i s  a  v e r y  common 
s p e c i e s  a t  Poipu,  Kauai. 

L e p t o t h y r a  v e r r u c a  i s  one o f  t h e  dominant t r o c h i d s  a t  Poipu,  
Kauai b u t  i s  a p p a r e n t l y  a b s e n t  a t  b o t h  Honaunau and 



TABLE 6 ( c o n t i n u e d )  

M i t r e l l a  m a r g a r i t a  i s  a p p a r e n t l y  t h e  dominant co lumbel l id  a t  
b o t h  Honaunau and Kealakekua Bays w h i l e  g. f u s i f o r m i s  i s  
p r e s e n t  b u t  uncommon; t h e  o p p o s i t e  s i t u a t i o n  h o l d s  a t  Poipu,  
Kauai :  i n  r e c e n t  c o l l e c t i o n s  from t h e r e  more t h a n  50 
M. f u s i f o r m i s  were  coun ted ,  3 M. m a r g a r i t a .  

Conus p u l i c a r i u s  i s  a  sand-dwel l ing  cone. 

T e r e b r a  spp.  a r e  a l l  s a n d - d w e l l e r s  and might  b e  expec ted  t o  
b e  a b s e n t  from t h e  Honaunau and Poipu c o l l e c t i o n s  which a r e  
c h i e f l y  f rom t h e  t i d e p o o l  sys tems.  

O t o p l e u r a  m i t r a l i s ,  Pupa thaanumi,  and P y r a m i d e l l a  s u l c a t a  
a r e  s a n d - d w e l l e r s  which o c c u r  i n  r a t h e r  deep w a t e r  (10 f e e t  
o r  more). 

P e c t e n  s p .  P i n g u i t e l l i n a  r o b u s t a ,  T e l l i n a  s p p . ,  Macoma, and 
Anpulus a r e  a l l  sand d w e l l e r s .  



unusual  i n  t h a t  i t s  members i n t e r m i n g l e  w i t h  t h e  l i t t o r i n e s  and t h e  

u s u a l l y  more seaward-occur r ing  p i p i p i  o r  n e r i t e ,  N e r i t a  p i c e a .  I n  a  r e -  

s t r i c t e d  a r e a  j u s t  benea th  t h e  e n t r a n c e  t o  t h e  P a l a c e  Grounds, i n  t h e  

southernmost  c o r n e r  of  t h e  i n l e t ,  a  v e r y  s m a l l  colony (perhaps  n o t  more 

t h a n  t e n  an imals )  o f  t h e  C e n t r a l  P a c i f i c  l i t t o r i n e ,  L i t t o r i n a  u n d u l a t a ,  

was found. T h i s  s p e c i e s  h a s  p r e v i o u s l y  been recorded  i n  t h e  i s l a n d s  

o n l y  from two o r  t h r e e  specimens c o l l e c t e d  on Oahu and from a  s i n g l e  

colony which l i v e s  i n  t h e  keawe t r e e s  rimming Olowalu Bay, Maui. 

I n t e r t i d a l  c l i f f s  and benches 

Seaward o f  t h e  s u p r a t i d a l  r e g i o n  ( F i g .  24,  N e r i t a  p i c e a ) ,  on t h e  

c l i f f s  i n  t h e  Miana P o i n t  a r e a  and on t h e  s e a - l e v e l  b a s a l t  p l a t f o r m s  

which f r i n g e  most o f  t h e  bay t o  Puuhonua P o i n t ,  t h e  l i t t o r i n e s  a r e  r e -  

p l a c e d  by t h e  b l a c k  p i p i p i  ment ioned above,  N e r i t a  p i c e a ,  and,  i n  l e s s e r  

abundance and w i t h  a  somewhat s p o t t y  d i s t r i b u t i o n ,  t h e  pulmonate l i m p e t  

S i p h o n a r i a  normal i s  and t h e  c e p h a l a s p i d  o p i s t h o b r a n c h  Smaragd ine l l a  

c a l y c u l a t a .  The o p i h i s ,  C e l l a n a  e x a r a t a  and - C. sandwichens i s ,  which a r e  

g e n e r a l l y  c h a r a c t e r i s t i c  o f  t h e  i n t e r t i d a l  f r i n g e  throughout  t h e  i s l a n d s  

occur  i n  t h i s  h a b i t a t ,  t o o ,  b u t  o n l y  t e n  o r  twelve specimens were no ted ,  

compared w i t h  d e n s i t i e s  a s  h i g h  as 68 p e r  m2 found a t  Kealakekua Bay i n  

October ,  1968. A l a r g e  number of  o p i h i  s h e l l s  i s  t o  be f o u n d  i n  t h e  

w a t e r s  a t  Kapuwa'i b u t  t h e s e  m e r e l y  r e p r e s e n t  l i m p e t s  b rought  from o t h e r  

a r e a s  o f  t h e  Kona Coast  and c l e a n e d  i n  t h e  i n l e t .  

At s t i l l  lower l e v e l s  o f  t h e  s h o r e l i n e  ( F i g .  24,  Drupa-Conus), 

where dense  a l g a l  t u r f  c o v e r s  t h e  b a s a l t  benches and where t h e r e  i s  

u s u a l l y  c o n s i d e r a b l e  s u r f  a c t i o n ,  a n o t h e r  assemblage o f  mol lusks  occurs :  

t h e  m o l l u s k - f e e d i n g  m u r i c i d s  Morula g r a n u l a t a  and Drupa r i c i n a ,  t h e  

vermivorous  m u r i c i d  2. morum, t h e  vermivorous  cones ,  Conus s p o n s a l i s  and 

C. l i v i d u s ,  and t h e  omnivorous g r a z e r s  Cypraea c a p u t s e r p e n t i s  and C. - 
m a c u l i f e r a .  I n  t h e  lower r e a c h e s  of  t h e s e  su r f - swept  benches ,  and n o t  

u s u a l l y  v i s i b l e  t o  t h e  c o l l e c t o r  from t h e  s u r f a c e  d u r i n g  d a y l i g h t  h o u r s  

b u t  a c t i v e  a t  n i g h t  d u r i n g  low t i d e s ,  a r e  t h e  l a r g e  o p i h i  C e l l a n a  

t a l c o s a  and t h e  humpback cowry Cypraea m a u r i t i a n a .  
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FIGURE 24. Honaunau Bay i n d i c a t i n g  s h o r e l i n e  h a b i t a t s  and 
a s s o c i a t e d  m o l l u s k s  and t i d e p o o l  s t a t i o n s .  



T i d e p o o l s  

T idepoo l s  have l o n g  f a s c i n a t e d  b i o l o g i s t s  because  of  t h e  v a r i e t y  

o f  b i o t a  which may be  found i n  them. The t i d e p o o l s  o f  Honaunau a r e  o f  

more g e n e r a l  i n t e r e s t ,  however, f o r  t h e y  h a r b o r  n o t  o n l y  a  d i v e r s e  and 

c o l o r f u l  b i o t a ,  b u t  a r e  e a s i l y  a c c e s s i b l e  t o  t h e  v i s i t o r .  The t i d e p o o l  

sys tem a t  Honaunau i s ,  t h e r e f o r e ,  p e r h a p s  t h e  most  i n t e r e s t i n g  and a t -  

t r a c t i v e  f e a t u r e  o f  t h e  s h o r e l i n e ,  f o r  t h e  p o o l s  i n c l u d e  (Tab le  7 )  a  

v a r i e t y  o f  types :  b r a c k i s h  w a t e r  and h i g h l y  s a l i n e  p o o l s  a t  t h e  shoreward 

edge ,  more d i v e r s e l y  i n h a b i t e d  p o o l s  i n  t h e  midd le  r e a c h e s  o f  t h e  b a s a l t  

benches  and r i c h l y  ornamented seaward p o o l s .  

The most  e x t e n s i v e l y  developed t i d e p o o l  sys tem a t  Honaunau i s  t h a t  

formed by t h e  arm o f  t h e  bay which i n d e n t s  t h e  l a v a  s h o r e  sou thwes t  o f  , 

Hale-o-Keawe, and c a l l e d  Keawewai ( F i g .  24,  I t o  I V ,  and T a b l e  7 ) .  At i t s  

shoreward e x t e n t ,  n e a r  t h e  G r e a t  Wall o f  t h e  C i t y  o f  Refuge,  t h e  poo l  i s  

c h a r a c t e r i z e d  by a l e n s  of  f r e s h w a t e r ;  h e r e  o n l y  s i x  mol luscan s p e c i e s  

a r e  found,  f o u r  i n  abundance. The dominant mol lusks  a r e  t h e  b l a c k  m u s s e l ,  

Isognomon c a l i f o r n i c u m ,  which forms c l u s t e r s  around t h e  edge o f  t h e  p o o l ,  

w h i l e  o n  t h e  rocky s u b s t r a t e  w i t h i n  t h e  poo l  a r e  t h e  s m a l l  b l a c k  e u r y h a l -  

i n e  p i p i p i ,  Theodoxus n e g l e c t u s ,  and a  brown and w h i t e  p i p i p i - l i k e  s n a i l ,  

P l a n a x i s  l a b i o s u s .  The dense  a l g a l  mat i n  t h i s  p o r t i o n  o f  t h e  poo l  con- 

t a i n s  i n  a d d i t i o n  s e v e r a l  mic romol lusks ,  t h e  s m a l l e s t  ( 0 . 5  mm i n  d i a m e t e r ) ,  

R i s o e l l a  s p . ,  i s  t h e  dominant form, w h i l e  t h e  l a r g e r  s h e l l s  o f  B i t t i u m  

parcum (2,O mm) and Cer i th ium a t romarg ina tum (12.0 mrn) a r e  a l s o  p r e s e n t .  

A s  t h e  f r e s h w a t e r  l e n s  g r a d u a l l y  d i s a p p e a r s  seaward,  t h e  a l g a l  mat and t h e  

m o l l u s c a n  p o p u l a t i o n  change i n  compos i t ion ,  w i t h  t h e  musse l  d ropp ing  o u t ,  

t h e  p i p i p i s  becoming l e s s  numerous, and B i t t i u m  parcum becoming dominant;  

n i n e  o t h e r  mol luscan  s p e c i e s  a r e  a l s o  found i n  t h e  a l g a l  mat  h e r e .  To- 

ward t h e  m i d d l e  of  t h e  i n l e t  ( F i g .  24, I I I ) ,  where i t  widens o u t  i n t o  a  

poo l  o f  c o n s i d e r a b l e  d i a m e t e r ,  s t i l l  a n o t h e r  change o c c u r s ,  b o t h  i n  t h e  

compos i t ion  o f  t h e  a l g a l  mat and t h e  m o l l u s c a n  p o p u l a t i o n  w i t h  more 

m o l l u s c a n  s p e c i e s  c o n t r i b u t i n g  t o  t h e  s p e c i e s  compos i t ion ,  a l t h o u g h  

B i t t i u m  parcum remains  dominant h e r e ,  t o o .  As t h e  seaward edge of  t h e  

p o o l  i s  approached (F ig .  24,  IV) ,  t h e  a l g a l  mat d i s a p p e a r s  and t h e  sub-  

s t r a t e  becomes one o f  l o o s e  r u b b l e  s tudded  w i t h  s e a  u r c h i n s .  Here some 



TABLE 7 .  D i s t r i b u t i o n  of  mollusks i n  t h e  t i depoo l  systems. x = p r e s e n t ;  xxxx = abundant.  

KEAWEWAI SEAWARD POOLS 
I I I I11 I V A B 

Brackish  Upper a l g a l  Lower a l g a l  Outer  3ad ina  Boodlea 
mat mat Reaches Pool Pool 

B i t t i u m  parcum xx xxxx xxxxx xx xxx xx 

Ceri thium atromargtnatum x x xx x xxx x 

R i s o e l l a  sp.  

Theodoxus neg l e c  t u s  

Isognomon ca l i fo rn i cum 

P lanax i s  l a b i o s u s  

Morula g r a n u l a t a  

Isognomon pe rna  

D o l a b r i f e r a  do l a b r i f e r a  

Morula ochrostoma 

M i t r e l l a  f u s i f o r m i s  

E r v i l i a  sp .  
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TABLE 7 (cont inued)  
I I1 I V  A B 

Sty loche ius  lonpicaudus x x 

M i t r e l l a  margari  t a  

R ie so ina  t r i d e n t a t a  

Hipponix spp.  

Vermetus sp .  

Cypraea f i m b r i a t a  

Eup l i ca  v a r i a n s  

Semine l la  v a r i a  

Cymatium nicobaricum 

P e r i s t e r n i a  chlorostoma 

Morula brunneolabrum 

Morula ova - 
Provexi l lum vexi l lum 

Mi t r a  c a n c e l l a r o i o i d e s  

M i  t r a  cu cumer i na 

Kermia ha renu la  

Daphne1 l a  producta  



TABLE 7 (continued) 
I I I I11 I V  A B 

Acar p l i c a t a  x 

Os t r ea  hanleyana x 

Arc ine l  l a  sp. 

Nesobornia ovata  

Is chnochi ton v i r i d i s  

H i loa  v a r i a b i l i s  

Chama i o s  toma 

Conus ca tus  -- 

Conus f l a v i d u s  

Conus l i v i d u s  

Conus r a t t u s  

Conus s p o n s a l i s  

Gibbula marmorea 

Kermia pumi l a  

Diodora g r a n i f  e r a  

Hormomya c r e b r i s t r i a t u s  

Ceri thium nesiot icum 





22  s p e c i e s  of  mol lusks  a r e  found,  a lmos t  a l l  of  them c r y p t o f a u n a l  and 

o c c u r r i n g  benea th  t h e  r u b b l e ;  no one s p e c i e s  a p p e a r s  t o  be dominant h e r e .  

The t i d e p o o l s  a t  t h e  o u t e r  edge o f  Puuhonua P o i n t  ( F i g .  24, A & B) 

a g a i n  p r e s e n t  a  d i f f e r e n t  p i c t u r e ;  they  a r e  s u b j e c t  t o  c o n s i d e r a b l e  s u r f  

a c t i o n  d a i l y .  They, t o o ,  have s u b s t r a t e s  o f  a l g a l  mat ,  b u t  h e r e  a r e  found 

some of  t h e  more p i c t u r e s q u e  and l a r g e r  mol lusks .  The worm s h e l l  Se rpu l -  

o r b i s  and t h e  s e d e n t a r y  b i v a l v e  Chama pave t h e  ha rd  s u b s t r a t e  among clumps 

o f  a l g a e .  I n  t h e  a l g a l  t u r f  a r e  t h e  vermivorous cones ,  Conus ebraeus ,  

Conus s p o n s a l i s ,  and C. l i v i d u s ,  t h e  mol lusk- feed ing  t r i t o n s  Cymatium 

nicobar icum and C. p i l e a r e ,  and t h e  mol lusc ivorous  m u r i c i d s  Morula 

g r a n u l a t a  and M_. ochrostoma. Hidden i n  c r a c k s  and c r e v i c e s  a r e  t h e  

cowr ies ,  t h e  commonly found snakehead,  Cypraea c a p u t s e r p e n t i s ,  and t h e  

l e s s  commonly o c c u r r i n g  C. i s a b e l l a  and C. h e l v o l a .  And f i n a l l y ,  some 20 

s p e c i e s  of  micromollusks  a r e  t o  be found i n  t h e  a l g a l  mat and i t s  a s s o c i -  

a t e d  sand pocke t s .  

Brack i shwate r  assemblages  

Four b r a c k i s h  wate r  assemblages  of  mol lusks  were no ted  a t  Honaunau 

(F ig .  24, Brack i sh) ;  one h a s  been d i s c u s s e d ,  t h a t  a t  t h e  e a s t e r n  end o f  

t h e  i n l e t ,  Keawewai. A t  Kapuwa'i dense  beds o f  t h e  b l a c k  mussel , Isogno-  

mon c a l i f o r n i c u m ,  r i m  t h e  h a r d  s u b s t r a t e  which f r i n g e s  t h e  n o r t h e r n ,  - 
e a s t e r n  and s o u t h e r n  r i m s  o f  t h e  i n l e t ,  w h i l e  t h e  s m a l l  p i p i p i ,  Theodoxus 

n e g l e c t u s ,  ex tends  b o t h  h i g h e r  and lower t h a n  does t h e  f r i n g i n g  mussel .  

Occas iona l  specimens o f  P l a n a x i c  l a b i o s u s  were a l s o  found h e r e .  The 

assemblage a t  Keone-e l i  a p p e a r s  t o  be s l i g h t l y  more d i v e r s e  i n  t h a t  t h e  

m u r i c i d  Morula g r a n u l a t a  was found h e r e ,  a p p a r e n t l y  f e e d i n g  i n  t h e  mussel  

beds .  I t s  p resence  may i n d i c a t e  a  s l i g h t l y  l e s s  b r a c k i s h  c o n d i t i o n  than  

o c c u r s  i n  Kapuwa'i. 

Isognomon c a l i f o r n i c u r n ,  Theodoxus n e g l e c t u s  and P l a n a x i s  l a b i o s u s  

a r e  a p p a r e n t l y  e u r y h a l i n e ,  f o r  a l l  t h r e e  s p e c i e s  o c c u r  i n  more s a l i n e  

w a t e r s  throughout  t h e  i s l a n d s ;  however, they  occur  i n  g r e a t e s t  abundance 

i n  w a t e r s  which a r e  a t  l e a s t  s l i g h t l y  b r a c k i s h ,  and because  a l l  t h r e e  

appear  t o  occur  t o g e t h e r ,  a r e  c o n s i d e r e d  i n d i c a t i v e  o f  b r a c k i s h  w a t e r s  

when they  appear  i n  dense  masses .  



The Royal Fishpond,  w i t h i n  t h e  p a r k ,  i s  h a b i t a t  f o r  s t i l l  a n o t h e r  

b r a c k i s h  w a t e r  mol lusk ,  t h i s  one l i m i t e d  i n  i t s  d i s t r i b u t i o n  t o  b r a c k i s h  

and f r e s h  wa te r :  Theodoxus c a r i o s u s ,  t h e  humped g r a y - b l a c k  n e r i t e .  It  i s  

d i s t i n g u i s h e d  from two of  i t s  r e l a t i v e s  n o t  o n l y  by i t s  c h a r a c t e r i s t i c a l l y  

humped s h e l l ,  b u t  a l s o  by i t s  h a b i t  i n  s t i l l  w a t e r s ;  t h e  g r a n u l a t e d  b l a c k  

n e r i t e ,  Theodoxus g r a n u l a t a  ( a s  a t  Sac red  F a l l s ,  Oahu), o c c u r s  i n  s w i f t  

f lowing  s t r e a m s ,  w h i l e  t h e  smooth, o l i v e ,  winged n e r i t e ,  Theodoxus vesper -  

t i n a ,  i s  t o  be  found i n  s low-f lowing  r i v e r s  ( a s  i n  t h e  Han.alei R i v e r ,  

Kauai)  . 

S u b t i d a l  bay fauna  

The s u b t i d a l  fauna of  t h e  bay i s  a p p a r e n t l y  s i m i l a r  t o  t h a t  found 

i n  Kealakekua Bay, a l t h o u g h  t h e r e  may be a  somewhat l e s s  d i v e r s e  fauna  

a s s o c i a t e d  w i t h  a  l e s s  d i v e r s e  c o r a l  b i o t a .  The common l a r g e r  and more 

s p e c t a c u l a r  mol lusks  such a s  t h e  he lmet  s h e l l ,  C a s s i s  c o r n u t a ,  t h e  t i g e r  

cowry, Cypraea t i g r i s ,  and t h e  t r i t o n ,  Charonia  t r i t o n i s ,  shou ld  a l l  be  

found a t  d e p t h s  o f  10  f e e t  o r  more i n  t h e  bay,  and sand p o c k e t s  shou ld  

h a r b o r  a  number o f  s p e c i e s  of  a u g e r  s h e l l s ,  T e r e b r a  spp. ,and b i v a l v e s  such 

a s  t e l l i n i d s .  

D i s c u s s i o n  

The mol luscan  assemblages  d e s c r i b e d  from Honaunau Bay a r e  perhaps '  

mos t  u s e f u l l y  d i s c u s s e d  i n  terms o f  compar isons  w i t h  t h o s e  o f  1 )  a  

n e i g h b o r i n g  a r e a  of  t h e  Kona Coas t ,  e.g., Kealakekua Bay, and 2)  a  topo- 

g r a p h i c a l l y  s i m i l a r  a r e a  on a n o t h e r  of t h e  Hawaiian i s l a n d s ,  e.g. ,  Poipu ,  

Kauai . 
Approximately 120 s p e c i e s  o f  mar ine  and b r a c k i s h  w a t e r  m o l l u s k s  a r e  

now r e c o r d e d  f o r  Honaunau Bay; some 160 s p e c i e s  were r e c o r d e d  (Doty,  1968) 

d u r i n g  a  su rvey  made i n  Oc tober ,  1968,  from Kealakekua Bay, which l i e s  

j u s t  n o r t h  o f  Honaunau. The g r e a t e r  number o f  s p e c i e s  found a t  Kealakekua 

i s  a p p a r e n t l y  a t  l e a s t  p a r t i a l l y  due t o  t h e  t y p e s  o f  a r e a s  c o l l e c t e d :  t h e  

s u b t i d a l  r e a c h e s  of  Kealakekua were e x t e n s i v e l y  sampled whereas  t h o s e  a t  

Honaunau were n o t  s t u d i e d  i n  any d e t a i l .  When t h e  l i s t s  from t h e  two 

a r e a s  a r e  compared, i t  i s  immedia te ly  n o t i c e a b l e  t h a t  o f  t h e  50-odd 

s p e c i e s  found a t  Kealakekua b u t  n o t  a t  Honaunau, a b o u t  h a l f  a r e  



deep-dwel l ing (10 t o  30 f e e t ) ,  sand d w e l l e r s  ( C a s s i s ,  3 s p e c i e s  o f  

Cer i th ium,  8  s p e c i e s  of  T e r e b r a ,  a  number o f  b i v a l v e s ,  e t c . )  and a n o t h e r  

group a r e  deep-occur r ing  e p i f a u n a l  s p e c i e s  ( L a t i r u s  noda tus ,  Cypraea 

t i g r i s ,  Tuga l i  oblonga,  Conus m i l e s ) .  At l e a s t  some o f  t h e s e  deep- 

o c c u r r i n g  s p e c i e s  should  be  found a t  Honaunau i f  t h e  s u b t i d a l  r e a c h e s  of  

t h e  bay a r e  surveyed.  

D i f f e r e n c e s  i n  topography and o t h e r  p h y s i c a l  f a c t o r s  a p p a r e n t l y  

a l s o  account  f o r  t h e  d i f f e r e n c e s  i n  t h e  l i s t s  o f  s p e c i e s .  At Kealakekua 

Bay t h e r e  a r e  more e x t e n s i v e  h i g h  c l i f f  a r e a s  t h a n  a r e  found a t  Honaunau, 

p r o v i d i n g  h a b i t a t s  f o r  some a p p a r e n t l y  e x c l u s i v e l y  " c l i f f - d w e l l i n g "  

mol lusks  (Tha i s  i n t e r m e d i a ) ,  and t h e  t i d e p o o l  sys tems a r e  much more r e -  

s t r i c t e d  i n  development t h a n  a t  Honaunau, where t h e r e  i s  l i t t l e  develop- 

ment of  dense  a l g a l  t u r f  e i t h e r  i n  t i d e p o o l s  o r  on exposed s e a - l e v e l  

benches and t h e  b r a c k i s h  w a t e r  a r e a s  a r e  more l i m i t e d  i n  scope.  Compar- 

i s o n  of  t h e  l i s t s  o f  s p e c i e s  o c c u r r i n g  a t  Honaunau and Kealakekua a g a i n  

demonstra tes  a  d i f f e r e n c e :  o f  t h e  45 s p e c i e s  found a t  Honaunau b u t  n o t  a t  

Kealakekua,  2 3  a r e  forms a s s o c i a t e d  w i t h  a l g a l  mat e i t h e r  i n  t i d e p o o l s  o r  

exposed s e a - l e v e l  benches ,  and,  o f  c o u r s e ,  t h e  non-f lowing b r a c k i s h  wate r  

i n  t h e  Royal Fishpond o f f e r s  a  h a b i t a t  n o t  found a t  Kealakekua Bay b u t  

where Theodoxus c a r i o s u s  i s  found a t  Honaunau. 

One s i m i l a r i t y  and a n  a d d i t i o n a l  d i f f e r e n c e  between t h e  mol luscan  

b i o t a s  o f  Honaunau and Kealakekua shou ld  b e  p o i n t e d  o u t .  I n  terms o f  

p e r c e n t a g e  compos i t ion  o f  s p e c i e s ,  t h e  p r o p o r t i o n  o f  g a s t r o p o d s  t o  

b i v a l v e s  ( 8 9 : l l )  i s  t h e  same f o r  Honaunau and Kealakekua,  and i s  i n  gen- 

e r a l  h i g h e r  i n  terms o f  g a s t r o p o d s  than  i t  i s  f o r  t h e  Hawaiian I s l a n d s  a s  

a  whole (82:18) ,  and c o n s i d e r a b l y  h i g h e r  t h a n  f o r  Kaneohe Bay, Oahu 

(80:20).  F i n a l l y ,  t h e  b r a c k i s h w a t e r  assemblages  a t  Honaunau a r e  much 

more dense ly  developed t h a n  they  a r e  a t  Kealakekua Bay: w h i l e  a t  Kealake- 

kua t h e  assemblages  a r e  n o t i c e a b l e ,  a t  Honaunau t h e  b r a c k i s h w a t e r  mussel  

forms t h i c k  beds  and t h e  p i p i p i  (Theodoxus n e g l e c t u s )  a l s o  a p p e a r s  t o  be  

p r e s e n t  i n  f a r  g r e a t e r  numbers i n  b r a c k i s h w a t e r  a r e a s  t h a n  i n  s i m i l a r  

a r e a s  a t  Kealakekua.  

Comparison o f  t h e  l i s t  o f  m o l l u s k s  o c c u r r i n g  a t  Honaunau w i t h  t h a t  

found a t  Po ipu ,  Kauai ,  a  b a s a l t  p r o j e c t i o n  w i t h  a  t i d e p o o l  sys tem of  

a lmos t  t h e  same a r e a  a s  t h a t  a t  Honaunau, shows a n  a lmos t  i d e n t i c a l  l i s t  



of  s p e c i e s .  T h i s  s u g g e s t s  t h a t  assemblages  o f  a b o u t  120 s p e c i e s  a r e  

c h a r a c t e r i s t i c  o f  a l l  b a s a l t  s h o r e l i n e s  w i t h  e x t e n s i v e  p o o l  sys tems i n  

t h e  i s l a n d s .  D e s p i t e  t h e  s i m i l a r i t y  between t h e  two l i s t s ,  some d i f f e r -  

ences  shou ld  be  p o i n t e d  o u t .  

1) The consp icuous  b r a c k i s h w a t e r  assemblages  found a t  Honaunau do 

n o t  occur  a t  Po ipu ,  and a l t h o u g h  t h e  b l a c k  p i p i p i  Theodoxus n e g l e c t u s  i s  

p r e s e n t ,  i t  o c c u r s  i n  more h i g h l y  s a l i n e  w a t e r s .  

2 )  There a r e  d i f f e r e n c e s  i n  s p e c i e s  abundance and r e p r e s e n t a t i o n  

i n  t h r e e  f a m i l i e s :  t h e  Troch idae  o r  top  s h e l l s ,  t h e  Columbel l idae  o r  dove 

s h e l l s  and t h e  T h a i s i d a e .  At  Honaunau t h e  dominant m i c r o - t r o c h i d  i s  

L e p t o t h y r a  r u b r i c i n c t a ;  i t  i s  p r e s e n t  a t  Poipu b u t  o n l y  a  few a r e  found 

and t h e  dominant s m a l l  t r o c h i d  i s ,  i n s t e a d ,  L. v e r r u c a ,  which was n o t  

found a t  e i t h e r  Honaunau o r  Kealakekua.  The dominant c o l u m b e l l i d  a t  

Honaunau (and which i s  a l s o  a p p a r e n t l y  v e r y  common i n  t h e  c o r a l  heads  a t  

Kealakekua) i s  M i t r e l l a  margari t* w h i l e  M_. f u s i f o r m i s  i s  p r e s e n t  b u t  

r a r e l y ;  a t  Poipu t h e  r e v e r s e  i s  c h a r a c t e r i s t i c :  i n  a  r e c e n t  s u r v e y  of  t h e  

t i d e p o o l  sys tem more t h a n  50 specimens of  3. f u s i f o r m i s  were r e c o r d e d ,  

t h r e e  o f  M. - m a r g a r i t a .  And, f i n a l l y ,  M a c u l o t r i t o n  s e r r i a l e ,  a  v e r y  

common m o l l u s c i v o r o u s  m u r i c i d  a t  Poipu,was n o t  found e i t h e r  a t  Honaunau 

o r  Kealakekua Bays. These d i f f e r e n c e s  pe rhaps  r e f l e c t  d i f f e r e n c e s  i n  

i n s u l a r  c o l o n i z a t i o n  r a t h e r  t h a n  d i f f e r e n c e s  i n  topography o r  o t h e r  

p h y s i c a l  o r  b i o t i c  f a c t o r s .  



Chapter  10 

SEA URCHINS 

A s  p a r t  of a  s t u d y  of t h e  ecology of Honaunau Bay, t h e  abundance 

and d i s t r i b u t i o n  of s e a  u r ch in s  was measured. F i v e  100-meter t r a n s e c t s  

(F ig .  25) were e s t a b l i s h e d ,  f o u r  a t  Honaunau and one i n  nearby Alahaka 

Bay. A one-meter-square quadra t  was p laced  by a  SCUBA-diver a l o n g  t h e  

t r a n s e c t  a t  r e g u l a r  i n t e r v a l s  ( u s u a l l y  every 2 o r  3 mete r s ) ,  t h e  u r ch in s  

w i t h i n  counted,  and t h e  dep th  no ted  w i t h  a  w r i s t  dep th  gauge. Cora l  d a t a  

were c o l l e c t e d  a t  t h e  same t ime (p r e sen t ed  i n  Chapter  8 ) .  A s i m i l a r  

method of c o l l e c t i n g  d a t a  was employed by D r .  Thomas Ebe r t  i n  p a r t  of a  

r e c e n t  s tudy  ( ~ o t y ,  1968) o f  Kealakekau Bay, and f u r n i s h e s  a  convenien t  

comparison. 

Sea u r c h i n s  were impor tan t  t o  a n c i e n t  Hawaiians.  Urchin test  and 

s p i n e  f ragments  comprise  a  s i z a b l e  pe r cen t age  of t h e  t o t a l  m a t e r i a l  found 

i n  some Hawaiian a r c h a e o l o g i c a l  s i t e s .  He t e rocen t ro tu s  s p i n e s  were used 

a s  f i l e s  t o  make f i shhooks ,  and a t  l e a s t  one was ca rved  i n t o  a n  image 

(T. S t e l l  Newman, pe r sona l  communication). Bryan (1915) r e p o r t s  t h a t  

Echinometra was e a t e n  by t h e  n a t i v e s ,  and E c h i n o t h r i x  and Diadema were 

bo th  h i g h l y  esteemed a s  food. Doubt less  o t h e r  u r ch in s  were a l s o  ea t en .  

Ech ino th r i x  is consumed today by t h e  l o c a l  populace,  b u t  i n fo rma t ion  was 

n o t  sought  on t h e  e x t e n t  o f  t h i s  p r a c t i c e .  

The u r c h i n  s p e c i e s  observed i n  t h e  p r e s e n t  survey  were Hetero-  

c e n t r o t u s  mammillatus, Echinometra mathaei ,  Echinometra oblonga, 

Ech ino th r i x  diadema, Ech ino th r i x  c a l amar i s ,  T r i p n e u s t e s  g r a t i l l a ,  

Colobocen t ro tus  a t r a t u s ,  Echinos t r ephus  a c i c u l a t u s ,  E u c i d a r i s  m e t u l a r i a  

and Diadema paucispinum. The l a s t  t h r e e  were on ly  r a r e l y  observed,  and 

Colobocen t ro tus  was found on ly  i n  t h e  s u r f  zone.  Here,  however, i t  was 

sometimes ve ry  abundant ,  p a r t i c u l a r l y  i n  b l u f f - l i k e ,  exposed a r e a s .  

Depth d i s t r i b u t i o n  of t h e  v a r i o u s  u r c h i n s  (F ig .  26) v a r i e d  l i t t l e  

between t r a n s e c t s ,  and hence t h e  ave r age  f o r  a l l  f o u r  Honaunau t r a n s e c t s  

were accomodated on to  a  s i n g l e  graph. The ave rage  d e n s i t i e s  a t  v a r i o u s  

dep ths  of t h e  u r ch in s  Echinometra ( ~ i g .  25) and He t e rocen t ro tu s  ( ~ i g .  27) 

were p l o t t e d  s e p a r a t e l y  t o  f a c i l i t a t e  comparing t h e  p r e s e n t  survey  w i th  
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FIGURE 25. Densi ty  of t h e  urchins ,  Echinormetra mathaei and E. oblonga, a s  a 
func t ion  of depth  a t  s e l e c t e d  reg ions  of Honaunau Bay and  lah ha kg Bay. T ransec t s  I 
through 4 a r e  i n  Honaunau Bay, Transec t  5 i n  Alahaka Bay. 



A TRIPNEUSTES GRATILLA 

o ECHlNOTHRlX SPP. 

B ECHINOMETRA MATHAEl 

0 ECHINOMETRA OBLONGA 

X HETEROCENTROTUS MAMMlLLATUS 

DEPTH IN FEET 

FIGURE 26. Urchin d e n s i t y  a s  a  f u n c t i o n  of depth  f o r  ,major s p e c i e s  a t  Honaunau Bay. 
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E b e r t ' s  s tudy (Doty, 1968: F igs .  29-30) a t  Kealakekua Bay. Only mean 

va lues  f o r  Echinothr ix  and Tr ipneus tes  were p l o t t e d  (Fig.  26) s i n c e  so 

few specimens were counted. Work a t  Alahaka Bay was l i m i t e d  and hence 

was no t  graphed. The popula t ions  d i d  no t  d i f f e r  s i g n i f i c a n t l y  from 

Honaunau Bay. 

Heterocent ro tus  mammillatus, t h e  s l a t e  p e n c i l  u rch in ,  was f a i r l y  

abundant from a  depth  of t e n  f e e t  on down t o  t h e  end of c o r a l  growth. 

I n  terms of biomass, i t  i s  t he  most important  u rch in  i n  Honaunau Bay, 

bu t  i t s  average d e n s i t y  was l e s s  than Eber t  c a l c u l a t e d  from Kaawaloa 

Cove, Kealakekua Bay. The d i f f e r e n c e  i s  p a r t i c u l a r l y  s t r i k i n g  i n  t h e  

upper f i f t e e n  f e e t .  Ebe r t  found lower d e n s i t i e s  of s l a t e  p e n c i l  u rch ins  

i n  less p ro t ec t ed  wa te r s ,  and Honaunau i s  l e s s  p r o t e c t e d  than Kaawaloa 

Cove. On t h e  o t h e r  hand, t h e  d e n s i t i e s  counted below 17 f e e t  on 

Transec t  3  were a s  h igh  a s  some of t h e  h ighe r  d e n s i t i e s  found i n  

Kaawaloa Cove. This  i s  perhaps r e l a t e d  t o  l e s s  water  movement i n  t h i s  

a r e a  of t h e  bay. 

A s  noted i n  Chapter  4, t h e  d i s t r i b u t i o n  of Heterocent ro tus  could 

no t  be c o r r e l a t e d  w i th  any f a c t o r  of t h e  c o r a l  community. I t  i s  

d i f f i c u l t  (Doty, 1968) a l s o  t o  r e l a t e  i t s  d i s t r i b u t i o n  t o  such 

eco log ica l  f a c t o r s  a s  depth ,  s u b s t r a t e ,  exposure,  food, animal behavior 

and chance. I t  is t h e  most abundant urch in  i n  t h e  exposed and 

s p a r k l i n g  c l e a r  waters  from two t o  fou r  fathoms dep th  o f f  Hookena, south 

of Honaunau Bay and l i k e w i s e  a long  t h e  sea  w a l l  bu t  on ly  a t  dep ths  under 

one fathom i n  p ro t ec t ed  and p o l l u t e d  Kai lua Bay, n o r t h  of Honaunau. 

Moreover, except ing  a long  t h e  Kona Coast and a t  a  few s i t e s  on Maui such 

as Molokini Reef,  He te rocen t ro tus  i s  no t  common i n  Hawaii. 

Echinometra oblonga, a  shor t - sp ined  b lack  u rch in ,  was found only 

i n  t h e  upper t e n  f e e t .  I t  i s  e s p e c i a l l y  abundant j u s t  below t h e  i n t e r -  

t i d a l  zone. A s e t  of counts  us ing  a  114-meter-square quadra t  a t  t h e  base 

of Transec t  2  i n d i c a t e d  d e n s i t i e s  of up t o  436 p e r  squa re  meter, b u t  a s  

might be  expected, t h e  i n d i v i d u a l s  were very  smal l .  Although E b e r t ' s  

, t r a n s e c t s  d i d  no t  i nc lude  - E .  oblonga, i t  i s  n e v e r t h e l e s s  p r e s e n t  a t  

Kaawaloa Cove. I t s  g r e a t e r  abundance i n  Honaunau Bay i s  undoubtedly a 

r e f l e c t i o n  of g r e a t e r  s u r f  a c t i o n ,  a s  s i m i l a r  d e n s i t i e s  have been 

measured on t h e  more exposed south  shore  of Kealakekua Bay and a t  s e v e r a l  



s i m i l a r  l oca t ions  around Oahu. 

Echinometra mathaei,  t h e  short-spined pink o r  green urchin ,  was 

t h e  most abundant urchin found i n  t h e  present  survey. I t s  average 

dens i ty  i s  s l i g h t l y  l e s s  than 60 per  square meter a t  a  depth of f i v e  

f e e t .  I t  was l e s s  abundant i n  shal lower and a l s o  i n  deeper water  with 

a  sharp drop i n  abundance below 15 f e e t ,  ye t  specimens were recorded 

down t o  31  f e e t  a t  Honaunau Bay and t o  38 f e e t  i n  Alahaka Bay. The 

d i s t r i b u t i o n  i n  Kaawaloa Cove, Kealakekua i s  s i m i l a r ,  a l though t h e r e  it 

was found t o  a  depth of 45 f e e t ,  and a t  f i v e  f e e t  an average of only 

t e n  urchins per  square meter was recorded. Again t h i s  may be due t o  the  

reduced su r f  a c t i o n  a t  Kaawaloa Cove. S imi lar  t o  E. oblonga, t h e  - 
d e n s i t i e s  a l s o  of t h i s  spec ie s  measured on t h e  exposed south shore  of 

Kealakekua Bay and a t  s e v e r a l  l o c a t i o n s  around Oahu more c l o s e l y  

approximate those found i n  Honaunau. 

The urchins Echinothr ix  and Tr ipneus tes  were n o t  recorded 

f requent ly  enough t o  make s t a t i s t i c a l l y  s i g n i f i c a n t  about t h e i r  abundance. 

Curiously,  both a r e  i n  f a r  more f requent  a t  Kaawaloa Cove. Also, 

Tr ipneus tes  i s  t h e  most abundant urchin a t  v i s i b l e  depths exceeding two 

fathoms i n  Keauhou Bay and Kai lua  Bay, both' no r th  of Honaunau, and 

Echinothr ix  diadema i s  t he  most important  urchin i n  terms of biomass a t  

depths of l e s s  than one fathom i n  Keauhou Bay. Ebert  suggested t h a t  f o r  

Kealakekua Bay, Tripneustes  seems more dense below 20 f e e t ,  and 

Echinothr ix  more dense a t  f a i r l y  shal low depths. 

The average dens i ty  f o r  a l l  u rchins  i n  Honaunau Bay was 9.0 per  

square  meter. Excluding Echinometra the  average dens i ty  was 2.3 per  

square  meter. This  l a t t e r  va lue  i s  comparable t o  E b e r t ' s  h i g h e s t  va lues  

f o r  Kaawaloa Cove, and i s  h igher  than i n  any o the r  a r e a  of Kealakekua 

Bay. This  may be seen i n  E b e r t ' s  Table 9. H i s  va lues  were obtained by 

t h e  po in t  qua r t e r  method and excluded Echinometra. 

Eber t  a l s o  measured urchin  dens i ty  a t  Honaunau Bay. He used the  

po in t  q u a r t e r  method and again  ignored Echinometra. Betwe-en depths  of 

10 and 35 f e e t  i n  t h e  a r e a  of our Tra.nsect 2  he obtained d e n s i t i e s  of one 

t o  two urchins  per  square meter. Our quadrat  measurements i n  t h e  same 

a r e a  ind ica t ed  an  average d e n s i t y  of a l l  urchins except Echinometra of 

2.4 u r c h i n s  per  square meter. 



Ebe r t  inc luded  i n  h i s  r e p o r t  one quad ra t  t r a n s e c t  made one mi l e  

sou th  of Honaunau Bay. I n  dep th  and topography i t  was comparable t o  our  

Alahaka Bay t r a n s e c t .  He c a l c u l a t e d  an  average  d e n s i t y  f o r  a l l  u rch ins  

of 0 .93 p e r  squa re  meter  and f o r  a l l  excep t  Echinometra 0 .83  pe r  square  

mete r .  Our d e n s i t i e s  a t  Alahaka were 1 . 2  and 0 .6  p e r  squa re  meter ,  

r e s p e c t i v e l y .  

The t o t a l  u r c h i n  biomass a s  a f u n c t i o n  of dep th  was p l o t t e d  

(F ig .  28) us ing  E b e r t ' s  v a l u e s  f o r  t h e  average  weigh t  of an  u r ch in  of 

each spec i e s .  A s  was c a l c u l a t e d  f o r  Kaawaloa Cove, t h e  biomass a t  

Honaunau Bay d e c r e a s e s  qu i ck ly  w i th  i n c r e a s i n g  dep th .  However, due t o  

t h e  lower d e n s i t i e s  of E c h i n o t h r i x  and He t e rocen t ro tu s ,  t h e  a b s o l u t e  

va lue s  a r e  much lower f o r  Honaunau Bay. 

Mention should b e  made of a l a r g e ,  p r o t e c t e d  i n l e t  immediately 

wes t  of Hale-o-Keawe. I t  i s  only a  f o o t  o r  s o  deep, b u t  c o n t a i n s  

ab su rd ly  l a r g e  popu l a t i ons  of Echinometra,  Ech ino th r i x ,  T r ipneus t e s  and 

Diadema. I n  one s q u a r e  meter  31  T r ipneus t e s  and 85 Echinometra mathaei  

were counted.  C e r t a i n l y  eve ry  e f f o r t  should be  made t o  p r e s e r v e  t h i s  

e a s i l y  a c c e s s i b l e  b i o l o g i c a l  l a b o r a t o r y  and m a r i n e - l i f e  e x h i b i t .  A 

t i depoo l  i n  f r o n t  of  t h e  pa rk  headqua r t e r s  a l s o  c o n t a i n s  an  abundance of 

Echinometra mathaei .  

Few o t h e r  echinoderms were observed i n  Honaunau Bay. About t h r e e  

Acanthas te r  crown-of-throns s t a r f i s h ,  a  number of oph iu ro id s  and a  few 

ho lo thu r i ans  were seen .  The g r e a t e s t  number of  oph iu ro id s  and h o l o t h u r i a n s  

were seen  i n  t h e  Hale-o-Keawe i n l e t .  

I n  h i s  d i s c u s s i o n  of Kealakekua Bay u r c h i n  popu l a t i ons ,  E b e r t  

l i s t s  s i x  f a c t o r s  which p o s s i b l y  are impor tan t  i n  u r ch in  d i s t r i b u t i o n :  

dep th ,  s u b s t r a t e ,  exposure  t o  waves, food, animal  behav ior  and chance.  

A seven th  p o s s i b i l i t y  i s  p r e d a t o r s ,  whether on t h e  l a r v a e  o r  on t h e  

a d u l t s .  Depth i s  c e r t a i n l y  t h e  most abvious  f a c t o r ,  b u t  i t  i s  n o t  a  

s i n g l e  f a c t o r .  S u r e l y  i t s  most impor tan t  component i s  wa t e r  movement, 

i t s e l f  r e l a t e d  a l s o  t o  d i s t a n c e  from s h o r e  and exposure  t o  waves. 

Pos s ib ly  l e s s  impor tan t  f a c t o r s  which va ry  r e g u l a r l y  w i t h  dep th  a r e  

s o l a r  r a d i a t i o n ,  t empera ture  and t h e  abundance of o t h e r  b i o t i c  forms. 

Whatever t h e  component cause ,  t h e  dominance of  Echinometra above a  

dep th  of 10 f e e t  and He t e rocen t ro tu s  below 10 f e e t  i s  e a s i l y  seen.  
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FIGURE 28. Urch in  biomass a t  Honaunau Bay a s  

a f u n c t i o n  o f  d e p t h .  



Although i n s u f f i c i e n t  coun t s  of Ech ino th r i x  and T r ipneus t e s  were 

recorded t o  o u t l i n e  t h e i r  d i s t r i b u t i o n ,  i t  does  appear  (Doty, 1968) 

t h a t  T r i p n e u s t e s  i s  most abundant i n  p r o t e c t e d  a r e a s  of low r e l i e f  w i t h  

l i t t l e  c o r a l .  The l a r g e  popu l a t i ons  of t h e s e  two u r ch in s ,  t o g e t h e r  w i th  

Echinometra,  i n  t h e  Hale-o-Keawe i n l e t  l e a d  one t o  s u s p e c t  t h a t  reduced 

wate r  movement, reduced compet i t ion ,  reduced p r e d a t i o n  o r  i nc r ea sed  food 

a v a i l a b i l i t y  may i n d i v i d u a l l y  o r  c o l l e c t i v e l y  produce denser  popu l a t i ons  

of t h e s e  u r ch in s .  

I n  terms of o v e r a l l  biomass, u r c h i n s  a l o n g  w i t h  c o r a l s  and f i s h  

comprise  t h e  t op  t h r e e  animal  groups i n  Honaunau Bay. Cora l s  p rov ide  

s h e l t e r  f o r  bo th  a d u l t  and j u v e n i l e  f i s h  and 'urchins .  The u r ch in s  and 

some f i s h e s  compete w i th  each o t h e r  f o r  a l g a e  and a l s o  p r even t  a l g a e  

from smother ing t h e  c o r a l s .  Changes i n  any of t h e s e  t h r e e  groups would 

probably have d r a s t i c  e f f e c t s  upon t h e  o t h e r  two. 



Chapter 11 

CRUSTACEA 

A. Shrimp. 

The only l a r g e r  c rus t acean  seen i n  numbers was t h e  "c leaning  

shrimp", Stenopus h i sp idus .  Although i t  seems l i k e l y  t h a t  many smal le r  

decapods l i v e  among t h e  deep i n t e r s t i c e s  of t h e  c o r a l ,  i t  seems equal ly  

l i k e l y  t h a t  such c rus t aceans  would occur  among the  c o r a l  rubble  bordering 

t h e  deep sand. Severa l  c o r a l  fragments were overturned without  no t ing  

such c rus t acea .  

B. Lobsters .  

The populat ion of sp iney  l o b s t e r s  (Panu l i ru s  japonicus) i n  t h e  

a r e a  was thought s c a n t  cons ide r ing  t h e  amount of cover.  A few were 

observed i n  deep c revasses  a long  t h e  rough s h o r e l i n e  no r th  of Alahaka 

Bay, and i n  l'pukas" or  c r acks  nea r  t h e  bases of s e v e r a l  exposed boulders  

northwest  of Hale-o-Keawe. 

Spiney l o b s t e r s  p r e f e r  rough waters  and a r e  hence i n  g r e a t e r  

abundance on t h e  windward s i d e  of-Hawaii .  Also, a s  might be expected, 

t h e r e  i s  a human foraging  f a c t o r  a f f e c t i n g  t h e  popula t ion  s i z e .  The 

occurrence o f  l o b s t e r s  s h a r p l y  inc reases  approaching t h e  uninhabi ted 

reg ions  south  of  Honaunau Bay beyond Hookena. 

S l i p p e r  l o b s t e r s  ( ~ a r i b a c c u s  a n t a r c t i c u s )  were n o t  observed. 

They a r e  o f t en  gathered i n  shal low waters  of Oahu f o r  human consumption. 

C.  Crabs. 

The Kona c rab  ( ~ a n i n a  s e r r a t a )  i s  commercially t h e  most va luable  

c r a b  i n  Hawaii. Because of  t h e  bottom topography, however, they a r e  n o t  

t rapped i n  Honaunau Bay. 

Kona crabs  were n o t  observed by SCUBA d i v e r s  du r ing  t h e  present  

s tudy  a s ,  bes ides  t h e i r  h a b i t a t ,  t h e  c rabs  a r e  dawn feede r s .  They 

remain burrowed i n  sand du r ing  the  day. 

Kealakekua Bay has  a f l a t . ,  sandy bottom a t  depth  300 f e e t .  Here 



Kona c rabs  a r e  trapped. A s i m i l a r  sandy s h e l f  e x i s t s  a t  depth 200 f e e t  

500 rn off  Puuhonua Poin t  and extends south 150 m off  Alahaka Bay. Kona 

crabs a r e  sporad ica l ly  trapped a t  t h i s  depth of f  Alahaka Bay, and i n  

times p a s t  i t  i s  reported t h e  populat ion has  been severe ly  decimated i n  

t h i s  manner. 

The red pebblecrab ( E t i s u s  splendidus)  was inf requent ly  observed 

around Honaunau. Seven-eleven crabs  ( C a r p i l i u s  maculatus) a r e  caught 

a t  n i g h t  wi th  l i g h t s  along t h e  rough s h o r e l i n e  south of Puuhonua Poin t  

and i n  shal low waters  of f  Miana Poin t .  

Ama crabs   r raps us grapsus) a r e  very common, small ,  black c rabs  

which scramble about  i n t e r t i d a l  rocks.  They a r e  popular ly gathered and 

ea ten  raw wi th  s a l t  a s  a  de l i cacy .  



Chapter  12 

FISH 

(Adapted from t h e  S t a t e  D i v i s i o n  of F i s h  and 
Game's f i s h  su rvey  r e p o r t s )  

Th i s  i s  a  summary 

a c t i v i t i e s  a t  Kealakekua 

pe r i od  from June  through 

I n t r o d u c t i o n  

of t h e  D i v i s i o n  of F i s h  and Game's f i s h  survey  

Bay and Honaunau Bay, Kona, Hawaii. During t h e  

Feb rua ry ,  1969, f o u r  f i s h  surveys  were made i n  

t h e  a r e a  i n  June,  August,  October  and February.   o or exac t  d a t e s  and 

a c t i v i t i e s  du r ing  t h e s e  su rveys  s e e  q u a r t e r l y  survey  r e p o r t s  by t h e  

D i v i s i o n  of F i s h  and Game, S t a t e  of Hawaii .)  

I n  June,  a  p r e l i m i n a r y  s u r f a c e  survey was made a t  Kaelakekua Bay 

and Honaunau Bay t o  s e l e c t  s i t e s  f o r  our  permanent f i s h  survey  s t a t i o n s .  

Seven s t a t i o n s  were s e l e c t e d ,  f i v e  ( ~ i g .  29) i n  Kealalcekua Bay and two 

(F ig .  30) i n  Honaunau Bay. The l o c a t i o n s  and d i r e c t i o n s  of t h e s e  

s t a t i o n s  a r e  de sc r i bed  i n  c h a r t s  submi t ted  w i t h  t h e  q u a r t e r l y  survey  

r e p o r t .  

A t  each s t a t i o n ,  we l a i d  a  permanent s t a i n l e s s  s t e e l  underwater 

t r a n s e c t  l i n e  250 ya rd s  l ong  w i t h  t i t l e  b locks  spaced 25 ya rd s  a p a r t  t o  
r 

keep t h e  l i n e  i n  p l ace .  The t r a n s e c t  l i n e  a t  S t a t i o n  3  ( ~ e a l a k e k u a  Bay) 

was n o t  l a i d  on t h e  f i r s t  su rvey  ( ~ u n e ) ,  b u t  e s t a b l i s h e d  on t h e  second 

survey  (August) .  The l i n e  a t  S t a t i o n  2  ( ~ e a l a k e k u a  Bay) was of nylon 

and changed t o  s t a i n l e s s  s teel  on t h e  second survey.  The t r a n s e c t  l i n e  

a t  S t a t i o n  5  was 200 ya rd s  l ong  and extended t o  250 y a r d s  i n  August. 

The landmarks used t o  l o c a t e  each t r a n s e c t  l i n e  a r e  p r e sen t ed  i n  t h e  

f i r s t  q u a r t e r  su rvey  r e p o r t .  

To survey t h e  f i s h e s  a t  each s t a t i o n ,  we used two d i v e r s  swimming 

a long  each s i d e  of t h e  t r a n s e c t  l i n e ,  i d e n t i f y i n g ,  coun t i ng  and 

e s t i m a t i n g  s i z e s  of t h e  f i s h  w i t h i n  20 f e e t  o f  t h e  l i n e .  For  a  d i s t a n c e  

of 250 yards  o r  750 f e e t ,  t h e  40-foot-wide s t r i p  (20 f e e t  on each s i d e )  

e q u a l s  30,000 sq .  f e e t  o r  0.7 o f  a n  a c r e .  The f i s h  coun t s  a r e  l a t e r  

conver ted  ( ~ a b l e s  14 through 40)  t o  t o t a l  pounds of each s p e c i e s  w i t h  

length-weight  c o n s t a n t s  and expressed  a s  pounds o f  f i s h  p e r  a c r e .  
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H A W A I I  

MANINI BEACH m. r" 
ii. KAHAULOA COVE 

FIGURE 29. F i s h  t r a n s e c t  l i n e s ,  Kea lakekua  Bay. 

L i n e s  1 t h r o u g h  5 a r e  i n d i c a t e d .  
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"oc^uA'Au B@ HONAUNAU 

CITY OF 
REFUGE . 

PUUHONUA POINT 

FIGURE 30. F i s h  t r a n s e c t  l i n e s ,  Honaunau Bay. 

L ines  6 and 7 are i n d i c a t e d .  



Resul t s  

The fol lowing a r e  summaries of numbers of f i s h e s  counted, spec ies  

composition and pounds of f i s h e s  per  ac re .  

Number of f i s h e s  counted 

The number of f i s h  counted a t  each s t a t i o n   able 8) ranged f ron  

520 t o  2,827 with a n  ove r -a l l  average of 1,179 f i s h  counted per  s t a t i o n .  

The l a r g e s t  average number of f i s h e s  (1,833 was counted on S t a t i o n  7 i n  

Honaunau Bay and the  lowest average counts occurred on S t a t i o n s  4 and 5 

i n  Kealakekua Bay. 

TABLE 8. Number of f i s h  counted a t  each 

s t a t i o n  on each survey. 

Kealakekua Bay Honaunau Bay 

S t a t i o n  
Survey 1 2 3 * 4 5 6 7 

June 1,073 1,133 - 561 616 925 2,366 

Bug. 918 1,064 583 716 533 1,623 97 5 

Oct. 912 1,937 1,356 673 792 2,106 2,170 

Feb. 520 2,827 803 745 580 1,761 1,820 

- 

MEAN 856 1,740 914 674 630 1,604 1,833 1,179 

% t a t i o n  3 e s t ab l i shed  i n  August. 

Species  composition 

One hundred and twenty-one d i f f e r e n t  spec ie s  of f i s h e s  were 

observed i n  Kealakekua Bay and Honaunau Bay  able 13) on t h e  i n i t i a l  

t h r e e  surveys. Of t h i s ,  110 spec ie s  were found i n  Kealakekua Bay and 98 

spec ie s  were found i n  Honaunau Bay. 

Of t h e  f i s h e s  i n  Kealakekua Bay, 32 s p e c i e s  were found a t  a l l  f i v e  

s t a t i o n s .  I n  Honaunau Bay, 59 of t he  spec ies  were found a t  both of t he  

two s t a t i o n s .  Among t h e  d i f f e r e n t  spec ies  i n  Kealakekua and Honaunau 

Bays, t h e r e  were 87 spec ie s  t h a t  occurred on t h e  surveys a t  a l l  s t a t i o n s  

and t h e r e  were 13 s p e c i e s   able 9) t h a t  were p resen t  a t  a l l  s t a t i o n s  



dur ing  every survey.  

TABLE 9.  F i sh  s p e c i e s  observed a t  a l l  s t a t i o n s  

on every survey i n  Kealakekua Bay and Honaunau Bay. 

S c i e n t i f i c  Name Common Name 

Centropyge p o t t e r i  

Chaetodon orna t i ss imus  

C.  m u l t i c i n c t u s  

Chromis leucurus  

Ctenochaetus s t r i g o s u s  

F o r c i p i g e r  l o n g i r o s t r i s  

Naso l i t u r a t u s  

Parupeneus m u l t i f a s c i a t u s  

Pomocentrus j enk ins i  

Scarus  dubius  

Zanclus canescens 

Zebrasoma f lavescens  

Thalassoma duper rey i  

P o t t e r ' s  angel  

Orange s t r i p e  b u t t e r f l y  

Whi t e - t a i l  damsel 

Kol e 

Long-nos e b u t t e r  £1 y 

Kala 

Moano 

ye l low eye damsel 

Uhu 

K i h i k i h i  

Y e l  1 ow tang  

Hinalea 

The number of s p e c i e s  observed a t  each s t a t i o n  (Fig.  31, Table 10) 

ranged from 34 t o  65 wi th  an  average of 48 s p e c i e s  p e r  s t a t i o n .  There 

i s  a descrepancy i n  t h e  f o u r t h  survey on S t a t i o n  1 between a r e l a t i v e l y  

low number of s p e c i e s  observed and a r e l a t i v e l y  high weight  of f i s h  per  

a c r e  c a l c u l a t e d .  During t h i s  survey t h e  s ea s  were q u i t e  rough and only 

h a l f  t h e  l i n e  was surveyed. The cons t an t  f o r  de te rmin ing  pounds pe r  

a c r e  was t he re f  o r e  accord ingly  increased .  

Pounds pe r  a c r e  

The s t a n d i n g  c rop  of f i s h e s  (Fig.  32, Table  11) ranged from 58 

t o  603 pounds p e r  a c r e  w i th  an average of 270 pounds pe r  a c r e  pe r  

s t a t i o n .  The s t a t i o n s  i n  Kealakekua Bay had an average of 233 pounds 

of  f i s h  pe r  a c r e  and i n  Honaunau Bay t h e r e  was an average of 364 pounds 

of f i s h  pe r  ac re .  The reason  Kealakekua Bay has  fewer pounds pe r  a c r e  
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FIGURF, 31. Comparison of number of s p e c i e s  of f i s h e s  

observed du r ing  t h r e e  su rveys  a t  t h e  seven permanent t r a n s e c t  

s t a t i o n s  i n  Kealakekua Bay and Honaunau Bay. , 
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FIGURE 3 2 .  Comparison of pounds per  a c r e  of f i s h e s  

observed dur ing  th ree  surveys a t  the seven permanent t r a n s e c t  

s t a t i o n s  i n  Kealakekua Bay and Honaunau Bay. 



than Honaunau Bay i s  because t h e  substratum i s  l a r g e l y  sandy with very 

few f i s h .  This i s  exemplif ied i n  S t a t i o n s  4 and 5. 

TABLE 10. Number of f i s h  spec ie s  observed a t  t he  

s t a t i o n s  dur ing  surveys.  

Kealakekua Bay Honaunau Bay 

S t a t i o n  
Survey 1 2 3k 4 5 6 7 

June 47 44 - 41 38 48 47 

Aug. 5 0 5 2 39 43 34 5 7 49 

O c t .  49 5 7 63 43 40 69 4 9 

Feb. 35 6 5 46 47 45 54 5 1 

MEAN 45 54 4 9 44 39 5 7 49 48 

% t a t i o n  3 e s t ab l i shed  i n  August. 

TABLE 11. Pounds pe r  a c r e  of f i s h e s  i n  Kealakekua Bay 
and Honaunau Bay, Hawaii. 

Kealakekua Bay Honaunau Bay 

S t a t i o n  
Survey 1 2 3 ;+ 4 5 6 7 

June 151 163 - 175 111 27 6 3 24 

Aug . 267 204 102 102 58 274 13 8 

Oct. 283 3 85 669 107 163 60 3 30 6 

Feb . 358 548 167 201 122 599; 3 88 

MEAN 265 325 313 146 114 438 289 27 0 

* S t a t i o n  3 e s t ab l i shed  i n  August. 

The more common f i s h e s  i n  Kealakekua Bay and Honaunau Bay a r e  

arranged  able 12) s e r i a l l y .  Of t h e  34 spec ie s  involved i n  t h i s  

comparison, t he  yellow tang (zebrasoma f lavescens)  and k o l e  (Ctenochaetus 

s t r i g o s u s )  occurred a t  a l l  seven s t a t i o n s  and a r e  the  commonest and most 



numerous s p e c i e s  i n  b o t h  bays .  It was p r e v i o u s l y  mentioned t h a t  t h e s e  

two s p e c i e s  were p r e s e n t  a t  every  s t a t i o n  and on every  survey.  

A s  no ted  i n  T a b l e  1 2 ,  numerous s p e c i e s  a r e  commonly recorded  i n  

Honaunau Bay b u t  n o t  i n  Kealakekua Bay, and v i c e  v e r s a .  T h i s  r e f l e c t s  

e c o l o g i c a l  n i c h e s  t o  which c e r t a i n  s p e c i e s  a r e  a d a p t e d .  For  example, 

S t a t i o n  6 i s  s i t u a t e d  on a  s t e e p  s h o u l d e r  o r  drop-off  b lanke ted  by 

f i n g e r  c o r a l  ( ~ o r i t e s  compressa) w i t h  a r e d  a l g a ,  T o l y p i o c l a d i a  s p . ,  

growing i n  t h e  i n t e r s t i c e s .  No o t h e r  s t a t i o n  h a s  q u i t e  t h i s  exposure  

and topography, and two s p e c i e s  i n  g r e a t  abundance h e r e  b u t  uncommon 

e l sewhere  a r e  Acanthurus  g u t t a t u s  and Naso u n i c o r n i s .  S i m i l a r l y  such - -- 
s p e c i e s  adapted t o  s p e c i a l  c o n d i t i o n s  a r e  a s s o c i a t e d  w i t h  each o f  t h e  

seven  s t a t i o n s .  

Kole  (Ctenochae tus  s t r i g o s u s )  i s  a  comnlon s p e c i e s  of f i s h  

th roughout  t h e  i s l a n d s ,  whereas Hawaiian k o l e  (c. - h a w a i i e n s i s )  i s  common 

i n  Kealakekua Bay and Honaunau Bay, b u t  uncommon i n  most a r e a s  o f  t h e  

Hawaiian I s l a n d s .  These s p e c i e s  l i v e  between b o u l d e r s  and c o r a l  mounds 

and feed  on microorganisms.  J u s t  why t h e  l a t t e r  i s  common h e r e  i s  n o t  

known. 

F i n a l l y ,  i t  shou ld  b e  no ted  t h a t  i n  ~ e a l a k e k u a ' a n d  Honaunau Bays, 

t h e r e  a r e  " spo t s"  away from t h e  permanent s t a t i o n s  t h a t  c o n t a i n  s p e c i e s  

n o t  s e e n  a l o n g  t h e  t r a n s e c t  l i n e s .  For  exarnpl-e, i t  was r e p o r t e d  t h a t  

Kona c r a b s  ( ~ a n i n a  s e r r a t a )  a r e  p r e s e n t  i n  t h e  sandy bottom a t  S t a t i o n s  

4 and 5. There  i s  a l s o  r e p o r t e d  t o  be  a  llmoi ho le"  a l o n g  t h e  s u r f  zone 

n e a r  Palernano P o i n t  i n  Kealakekua Bay. Dur ing  t h e  p r o c e s s  o f  l o c a t i n g  

t h e  t r a n s e c t  l i n e s  on S t a t i o n  4 ,  we have a l s o  s e e n  l a r g e  r a y s  ( b o t h  

Aetoba tus  n a r i n a r i  and Manta b i r o s t r i s ) .  



TABLE 12. The frequency of occurrence as expressed 
in pounds per acre of the more common fish species in 
Kealakekua Bay and Honaunau Bay, June through October, 
1968. 

Average Honaunau 
~bs./Acre on Kealakekua Bay Bay 

Species Stat ions 1 2 3 4 5 6 7 

Zebrasoma flavescens 
Ctenochaetus strigosus 
Scarus perspicillatus 
Naso lituratus 
Scarops jordani 
Acanthurus leucopareius 
Scarus dubius 
Acanthurus olivaceus 

A. achilles 
A. dussumieri 

Dascyllus albisella 
Me lichthys buniva 
Scarus sordidus 
Acanthurus xanthopterus 

A. guttatus 
A. nigrosis 

Naso brevirostris 
N. unicornis 
N. hexacanthus 

Iso hawaiiensis 
Thalassoma duperreyi 
Chromis verater 

C. leucurus 
-Chanos chanos 
Zanclus canescens 
Chaetodon ornatissimus 
Mulloidich thys samoensis 

M. auriflamma 
Myripristis berndti 
Carangoides ajax 
Polydactylus sexfilis 
Aprion virescens 
~hnothorax f lavimarginatus 
Cheilinus rhodochrons 
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TABLE 13. (cont inued)  

C O r n O N  N A r n  

S leep ing  yhu 

K i h i k i h i  

Surf maiko 

P ~ k u i k u i  

White-banded maiko 

Maiko 

Naenae 

Martini 

P a l a n i  

Pualu 

SCIENTIFIC Average ~ o x n d s / A c r e  
Ice a  1 a  ke kua Honaunau 

Line No. 1 2 3 4 5 6 7 

Scarops j o rdan i  

Calotomus sandvicens is  

Zanclus canescens 

Acanthurus g u t t a t u s  

A. a c h i l l e s  

A .  l eucopare ius  

A , ,  n igrofuscus  

A .  n i g r o r i s  

, A. o l i vaceus  

A .  sandvicens i s  

Acanthurus dussurnie r i  

A .  xanthopterus  

A .  mata 

A. thompsonii 

C t e n o c h a e t ~ s  s t r i g o s u s  



7 4 0 0  
r-. rn 

7 4 5  C\I 
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TABLE 14 .  F i sh  s p e c i e s ,  number, l eng th  and 
weight observed on t r a n s e c t  1, 6-VI-68, 1030 t o  1107 
hours .  The t r a n s e c t  beg ins  a t  depth  27 f e e t  and 
ends c t  depth 20 f e e t .  Accounted f o r  are 47 s p e c i e s  
and 150.79 pounds of  f i s h  per  a c r e .  

I 

No. f i s h  2 
COmON NAYE SCIENTIFIC NAME 1. i n  inches  

Cornet  f i s h  , , ~ i s t u l a r i a  petirnba 2 - 1 2  1 - 2 4 )  ,345 

U'u M y r i p r i s t i s  b e r n d t i  1 . 6' 1 .,lk4 
a '  

Gurutsu , ' .  Aphareus f u r c a t u s  I 1 -  12  1.037 . . I 
Malu Parupeneus p l eu ros t igma  1 - 6 1  .097 

. . 

. . Mo ano P. n l u 1 ~ i f a s c i a t u . s  3 - 8" 16 r 4 ' 1  1.357 

Moana lcca P. c h r y s e r y d r o s  

P o t t e r ' s  angeL cent ropygc  p o t ' t e r i  . 1 6  - 3: 1 '  .480 
I 

Longnosc b u t t c r f  ly F o r c i p i g e r  l o n g i r o s  t r is  

Orange s t r i p e d  Chaeto?on o r n a t i s s i m u s  

C .  l u n u l a  . . 

P i l i k o a  P a r a c i r r h i t e s  f o r s t e r i .  

- Yellow eye damsel Pomacentrus j e n k i n s i  ' 

. , , . 
White t a i l  i Chromis l eucu rus  

. . 
. . 

~ l z c k  darnscl C. v e r a t e r  

I 
: Blue damsel ' Chromis - o v a l i s  . . . .  . : 110 - 2'- 

. /  . 0739 . 
Hina lca  l a u w i l i  Thalassoma d u p e n e v i  

,.. . 

, '  77 - 2.365 

... 
Bird f i s h  

. , 

' . Gomphosus v n r i u s  . . 22 - 4' 
(h ina l ea  i i w i )  , . 

. . 

- ~ i n a l e a  l o l o  C o r i s  gaimardi  ' 5  - 6' 
. . , .  ' ' 

Opule . . . .  . 
Anarnps e s'-.cuv i'e r i' ! .  1 - 6  

Pounds 
P e r  a c r e  



TABLE 14.  (con t inued)  

No. f i s h  2 
COivMON NAME SCIENTIFIC NAME 1. i n  i n c h e s  

Labro ides  Lab ro ide s  ph th i rophagus  1 - 4  

Nov icu l i ch thys  t a e n i o u r u s  1 - 6  

Onlaka S t e t h o j u l i s  a x i l l a r i s  1 - 4' 

Yoou C h e i l  i u u s  rhodochrous 9 - 7 '  

Green 61 r e d  Thalassoma. fuscuin 11 - 5 '  

U hu S c a r u s  dub iu s  16 - 6" 1 - 1 8  

K ih i l t i h i  . , Zanc lus  canescens  30 - [I - .  

Palcu i k u i  ~ c a n t h u r u s . a c h i l l e s  24 - 4" 2 - 

Ma i lco 

Nailco 

Naenae 

Manini 

P a l a n i  

Pua lu  

KO l c  

Yellow, manini 

Kala  

Kala 

E lack  

O i l i  uwiwi 

A .  n i g r o f u s c u s  

A .  n i g r o r i s  

A. o l i v a c e u s  

A ,  s a n d v i c e n s i s  . ' . ' .  . . 

A. dussurn ie r i  

A. mata  

Ctenochae tus  s t r i g o s u s  

Zeb'rasoina f l ave scens  

Naso . u n i c o r n i s  

N. l i t u r a t u s  

Acanthurus  thompsoni i  

B a l i s  t e s  . b u r s a  

. M e l i c h t h y s  buniva  7 - 6" 2  - 8 

Xanth ich thys  r i n ,   ens 1 1.- .. 6  

Pervagor  spilo.soma 1 3  - 4" . 

' e i g h t  i n  
f o r  f i s H  

-- -- 

Pounds 
P e r  a c r e  

1 

1 

1 

1 

1 

1 

d 

1 
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TABLE 14. (continued) 

No. f i s h  5i Weight i n  Pounds 
COMMON NAME SCIENTIFIC NAME 1. i n  inches 2 f o r  f i s h  Per  a c r e  

Spotted pu f fe r  Canth igas ter  j a c t a t o r  3 - 3  .076 .ll 

Red & White anamone f i s h  ( ? )  3 - 2  - - - - 

TABLE 15. F ish  spec ie s ,  number, l e n g t h  and weight observed on 
Transec t  1, 13-VIII-68, 1047 t o  1121 hours .  The t r a n s e c t  begins a t  
depth 25 f e e t  and ends a t  dept  25 f e e t .  Accounted f o r  a r e  50 s p e c i e s  
and 266.54 pounds of f i s h  pe r  ac re .  

.No. f i s h  % 
COMNON NAME SCIENTIFIC N A M E -  1. i n  inches  

Truntpe t f i s h  Aulos tomus chinens i s  

Intrpduced Roi Cephalopholis  a rgus  

Gurutsu Aphareus f u r c a t u s  

Malu Parupeneus p leuros t igma 

Manu P. b i f a s c i a t u s  

Moano P. m u l t i f a s c i a t u s  

Moana kea P. chryserydros  

Black-white angel  Holacanthus a r c u a t u s  

p o t t e r ' s  a n g e l ,  Centropyge p o t t e r i  

Longnose b u t t e r f l y  F o r c i p i g e r  l o n g i r o s t r i s  

Blue s t r i p e  Chaetodon f r e m b l i i  

Orange s t r i p e d  C. ornat i ss imus  4 - 6'' 
C. t r i f a s c i a t u s  

C. luriula 

. . C. uninacula tus  

~ h a e t o a o n  quadrimaculatus 

C. mu1 t i c i n c t u s  

Jeight  i r  
i f o r . f i 2  

Pounds 
Per  a c r e  



TABLE 15. . (cont inued)  , . 

' No. f i s h  2 
COXXOX NAME SCIENTIFIC X&Y% - 1. i n  incl-ics 

Jci;;hc in Pounds 
L f o r  f i s d  Pz r  tcre 

> 

1.10 

.82 

.74 - 

.32 

1.08 

1.81 

6.88 

.19 

-1.22 

.36 

- - - - 7 -  - 
P i l i k o a  P a r a c i r r h i t e s  c i n c t u s  2  - 8' 

Pi l ikoa=  . P .  a r c a t u s  " . ,  1 2 - &  
. . .  . . . ' .  

. . Pomacentrus j e n k i n s i  20 - 3" 
. . - .  . 

White t a i l  . Chromis l eucurus  ' , 7"- 3. . . .  
, .  

Black damsel C. v e r a t c r  12  - 4 .  

Bluc damsel C, o v a l i s  
. . .  , :  5 5  - 3 

' 8 , .  

Kinalea l a u w i l i  Thalassoma duper sey i  79 - 5 .  

l i ina len  luahine  T. b ~ l . l i e u i  3 - .  6 ,  
. . 

B i r d f i s h  ( h i n a l e a  i ' i w i )  Gon'phosus v a r i u s  , ! 21. - 5  

II inalca 1010 Cor i s  ga imardi  2 - 4" ' 2 - 6  

Ohua S t e t h o j u l i s  s l b o v i t t a t a  1 - 4  

a Ornaka S. a s i l l a r i s  

Uhu Scarus  dubius  11 - 12 

' Band snout  S; p e r s p i c i l l a t u s  2 - 24" 4: . -  1.8 . 
. . 

: ' .  

Limu . t e e t h  , s ca roPs  j o r d a n i  . . ..2; 
. 24' 

Kihikihi .  
. . . , . .  

. . 
Zanclus canes.cens . . '.23.- 4 . . 

White-banded maiko 
. , 

Acanthurus leucoparc  i u s  18 - 5 
. . . , . . A .  n ig ro fuscus  . . . 8 - 5  h i  ko 

bIaiIto 

Nacnac' 

Xanini  

'Pa lani  

n i g r o r  is  

o l i v a c e u s  

sandvicens  

Acanthurus dus s u m i e r i  - 4:.'. 
. . ' .  . ... . . . . , . . . . . A. mata . . ' I  . 

. . , : 
,. 5 . -  6." 
. . 

\ 

Pualu 



TABLE 15. ( con t i nued )  

No. f i s h  2 
COXNON NhYE SCIENTIFIC NAm' 1. i n  i n c h e s  

Weight i n  Pounds 
f o r  f i s h ( P e r  a c r e  

1 I 

Kala ' N. l i t u r a t u s  . . 

Humuhunlu B a l i s t e s  b u r s a  1 3  - 4" 

KO l e  Ctenochne tus  s t r i g o e u s  . 175 - 4 1 10.528 

Yel.low hianini  Zebrasona f l a v e s c e n s  . 182 - 4 

Kala - . Naso u n i c o r n i s  1 - 12" 1 - 1 8  

15.29 

10.250 

4.839 

Humuhumu-uli Me l i ch thys  v i d u a  1 - 4  ' 

Humuhuinu-ele ' e l e  M. bun iva  8 - 8 . 

TABLE 16. F i sh  s p e c i e s ,  number, l eng th  and 
weigh t  observed on t r a n s e c t  1, 30-X-GS, 1213 t o  1246 
h o u r s .  The t r a n s e c t  beg in s  a t  dep th  25 f e e t  and 
ends a t  dep th  25 f e e t .  Accounted f o r  a r e  49 s p e c i e s  
and 283.05 pounds o f  f i s h  per  a c r e .  

14.88 

7.03 

Xan th i ch thys  r i n g e n s  2 .- 5 

- .  O i l i  wiwi Pervagor  sp i losoma 2 - 4 ' .  : 

--- .. -. . .. - 

No. f i s h  2 
SCIENTIFIC NAME 1. i n  i n c h e s  

.070 

4.506 

Trumpe l: f i s h  Aulos  tomus ch inens  i s  

Holocen t rus  diadema 

U'u ~ ~ r i ~ r i s t i s  b e r n d t i  

Ma nu P. b i f a s c i a t u s  

- .  ~. ., 

Moano P. m u l t i f a s c i a t u s  

Moana kca  P. c h r y s e r y d r o s  
. . 

. l o  

6.54 

1.000 ' 1.45 

.07 . I4  
I 

. . -  
- -.-. i. . . . . .  . 



TABLE 16. (continued) 

No. f i s h  2 

CONXON NAME SCIENTIFIC NAME 1. i n  inches  

. - 

Mu Monotaxis grarzdoculis 1 - 1 6 '  

Longnose F o r c i p i g e r  l o n g i r o s t r i s  20 - 5 
b u t t e r f l y  

Orange s t r i p e d  Chaetodon o rna t i s s imus  6 -. 7 

C. l u n u l c  2 - 7  

C.  m u l t i c i n c t u s  24 - 4' - 

P i 1  ilcoa 

P i l i k o a  

Poq-paa 

White t a i l  

Black damsel 

Blue damsel 

Chaetodon quadrimaculatus  10 - 5 .  

C .  uniinaculatus :.1 - 4 -  

P a r a c i r r h i t e s  c i n c t u s  3 - 3  

P. a r c a t u s  7 - 3  

C i r r h i t u s  a l t e r n a t u s  1 - 8  

Pomacentrus jenkins  i 18 - 5 

Chroinis leucurus  8 - 3  

C.  v e r a t e r  3 - 6  

C. o v a l i s  200 - 3 

C. imparepenus 3 - 3  

E1inal.ea lam7 j . l i  Thalassoma dupe r rey i  43  - 5 

B i r d f i s h  (h ina l ea  Gomphosus v a r i u s  14 - 5 . '  
i ' i w i )  

Hina lea  l o l o  Cor is  gaimardi  7  -. 6' 

. Labroides  Labroides p h t h i r o p h a g u ~  2 - 3  

~ h u  Scarus dub'ius. 25 - 8 

Band snout  . S. p e r s p i c i l l a t u s  6 - 1 5  
3 - 18 

S leep ing  uhu Calo tomus sandvicens  i s  1 - 18. 

. . 4 - 12. 

e i g h t  i n  
. f o r  f i s h  

2.294 

.710 

1.175 

2.387 

' .748 

1.597 

1.188 

.061 

.060 

. I38  

.410 

2.115 

.255 

.629 

4.536 

.096 

2.580 

.560 

.665 

.024 

9. G O O  

29.820 

5.599 

' e r  a c r e  



TABLE 16. (continued) 

No. f i s h  2 
COXXON NAYE SCIENTIFIC NAME 1. i n  inches  

. .  . 

Kihi kihi' 

. . 

Pakuikui 

White-banded 
ma i lco 

Maiko ' 

.Eiaiko 

Naenae 

P a l a n i  

Pu a l u  

Kole 

Yeliow manini 

Rorned k a l a  

'Kala 

Humuhuniu 

Hurnuhurnu-ul i 

Zanclus canescens -- 
I 

Acanthurus a c h i l l e s  

A. l eucopare ius  

A. n ig ro fuscus  

A. n i g r o r i s  

A. o l ivaceus  

Acanthurus dussumieri  

A .  xanthoptesus  

C t e n o c l ~ a ~  tus  s t r i g o s u s  

Zebrasoma f lawescens 

Naso b r e v i r o s  t r l s  

N .  l i t u r a t u s  

B a l i s  t e s  bursa  

Melichthys v idua  

Humuhumu-ele ' e l e  M. buniva 

Xanthich thys  r ingens  

O i l i  uwiwi 'Pervagor  spilosoma 

110 a 0 s  t r a c i o n  len t ig inosus .  

'er  a c r e  



TABLE 17. F i sh  s p e c i e s ,  number, l eng th  and 
weight  obse-ved on t r a n s e c t  1, 12-11-69, 1140 t o  1156 
h o u r s .  The transcct: begins  a t  depth  20 f e e t  and 
ends a t '  depth  28 f e e t .  Accounted f o r  a r e  35 s p e c i e s  
and 35.8.42 pounds o f  f i s h  per  a c r e .  

No. f i s h  jZ: 
CONNON NAi'i'E , SCIENTIF IC NAYE 1. i n  inches  

- - - -- . 

Trumpet F i s h  Aulostomus c h i n e n s i s  1.; 12  

Xoano Parupeneus m u l t i f a s c i a t u s  17 - 7 .  

p o t t e r ' s  a n g e l  C e n t ~ o p y g e  p o t t e r i  8 - 4 ;  

Longnose f70rc ip iger  l o n g i r o s t r i s  10 - 5 .  " 
b u t t e r f l y  

Blue s t r i p e  Chaetodon f r e m b l i i  2 - 4: 

. . 
C. mu l t i c i ' nc tus  20 - 4 

C. Cnimaculatus , 2 - 4 .  

C. quadr imacula tus  10 - 5' 

P i l i k o a  
I .  

P a r a c i r r h i t e s  a r c a t u s  5 - 4. 

. . . . Blue damsel C. o v a l i s  33 - 3 -  
I :  .. . . , . . .  

. , C. v a n d e r b i l t i  1 - 7 , 
. , 

'PAbudeFtiilf impar ipennis  . 5 - 2 

Hinalea  l a u w i l i  Thalassoma d u p e r r e y i  38 - 5 

B i r d f i s h  ( h i n a l e a  Gomphosus y a r i u s  5 - 4  
i ' i w i )  

Hina lea  l o l o  C o r i s  ga imardi  8 - 5  

H i l u  . C .  f l a v o v i t t a t a  1 - 4  

Labroides Labro ides  phth i rophagus  2 - 3' 
Band snou t  Sca rus  p e r s p i c i l l a t u s  3 - 2 4  

Sleep ing  uhu . Calotomus s a n d v i c e n s i s  3  - 15 

K i h i k i h i  Zanclus "cancscens 2 3 - 5  .. 

Jeigh t i r  
2 f o r  £ i s  

'ounds 
Per  a c r e  



TABLE 17 (continued) 

No. f i s h  2 
COXNON NA'E SCIENTIFIC Nh% 1. i n  inches  ' 

. Pakuikui  Acanthurus a c h i l l e s  31 - G 

White-banc'led . A.  l eucopa re ius  
ma i ko 

Ma i k o  A ,  n ig ro fuscus  

' A .  n i g r o r i s  

Manini A .  s a n d v i c e n s i s  

Pualu A .  xanthopterus  

Kole 
. . 

Ctenochaetus s t r i g o s u s  

Yellow manini  Zebrasoina f  l a w s c e n s  

. Ka3.a Naso u n i c o r n i s  

, . . . N. l i t u r a t u s  

. , Humhumu B a l i s  t e s  bu r sa  
.- . . . . . . 

, . 
, . . . .  

-- 

eight: i n  
: f o r  f i s t  

~ u n d s  
? e r  a c r e  



TABLE 1 8 .  F i s h  s p e c i e s ,  number, l e n g t h  a n d .  
we igh t  o b s e r v e d  on t r a n s e c t  2 ,  6-VI-68, 1208 t o  1237 
h o u r s .  The t r a n s e c t  b e g i n s  a t  d e p t h  17 f e e t  and 
ends  a t  ' d e p t h  1 5  f e e t .  Accounted f o r  are 44 s p e c i e s  
and 163.14 pounds o f  f i s h  p e r  a c r e .  

No. f i s h  2 
COXMON NAYE SCIENTIFIC NAME 1. i n  i n c h e s  

Co'rnet f i s h  

Truicpe t f i s h  

u'u 

L a i  

S p o t  weke 

Malu 

Moano 

 otter's a n g e l  

Longnosc 
b u t t e r f l y  

. . Blue s t r i p e  

Orange s t r i p e d  

' Pi l i l coa  

F i s  t u l a r i a  pe t imba  '1 - 24 

A U ~ O S ~ O T I U S  c l l i n e n s i s  3-12" 1 - 11 

M y r i p r i s t i s  be rnd t i .  3' - 5 ,  

S c o n b e r o i d c s  s a n c t i - p e t r i  1 - 1 8  

M u l l o i d i c h t h y s  samoens i s  1 - 8 . ,  

Parupeneus  p leur .os t igma  3 - 4 

P. m u l t i f a s c i a t u s  1-2", 1 - 8 ,  6-1 
. . 

Cent ropyge  p o t t e r i  11 - 3 

F o r c i p i g e r  l o n g i r o s t r i s  7 - 4 

Chaetodon f remb-li i  

C. a u r i g a  

C. o r n a t i s s i r n u s  

C. t r i f a s c i a t u s  

C. l u n u l a  

. . 
C.  u n i m a c u l a t u s  

C.  q u a d r i m a c u l a t u s  

~ h a e t o d o n  m u l t i c i n c t u s  

~ a r a c i r r h i t e s  a r c a t u s  

~ b u d e  f d u f  a b d o i i n a l i s  

Yellow e y e d a n s c ~ P o i n a c e n t r u s  j e n k i n s i  
Blue  

A l o i l o i  ~ a s c ~ l l u s  A l b i s e l l a  

e igh t :  i n  
f o r  f i s h  

x m d s  
? e r  a c r e .  



TABLE 18 (cont inued)  - 
f 

No. f i s h  % Weight i n  Pounds 

COmON NAME SCIENTIFIC NAME 1. i n  inches  

j 

White t a i l  

Black damsel = '  . 

Blue damsel . 

B i r d f i s h  ( h i n a l e a  
i ' iwi )  

Poou 

Uhu 

.. . 
Lfmu t e e t h  

K i h i k i h i  

Pakuilcui 

Chromis lcucurus  55 - 3: 

C .  v e r a t e r  30 - 4 :  

C.  o v a l i s  
t" 

110 - 2j. . . 
i 

Thalassorna dupe r rcy i  10-5", 62-6 ' , 

Gon~phosus v a r i u s  ' 9-51!, . 23-4 j i 

Cor i s  &a imj rd i  2 - 4  

S t e t h o j u l i s  a x i l l a r i s  2 - 4 ,  

Che i l i nus  rhodochrous 1 - 5 ,  
c 
5 

Scarus  dubius 7 - 6  r' 

Scarops jo rdan i  . .  . -2 , - 24 
i' 

Zanclus canes ccns 1 3  .. 4 ' :  , 
5 

Acanthukus a c h i l l e s  26-kt ' ,  38-5 

White-banded. mailco A. l eucopa re ius  

Manini ~ c a n t h k r u s  sandvicens i s  

KO 1 e Crenochae tus  s t r i g o s u s  

yel low manini  Zebras oma f l a v e s  cens  

Kala :Naso' l i t u r a t b s  

S a i l  f i n  Zebrasona v'eliferurn 
. . 

Humu hu~nu B a l i s t e s  b u r s a  

Oili .  ~ w i w i  Pervagor spi lvsoma 

Keke Arothron h i s p i d u s  

Moa Os r rac ion  . . l e n t i g i n o s u s  

Blenny BLENNIDAE . . 

2 r  a c r e  

2.54 

2.70 

1.07 

4.33 

1 .21  

.08 

.10 

.10 

1.65 

30.11 

1.47 

12.94 

16.15 

1.09 

19.22 

19.30 



. . . . . . . . .  . - .  . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . .  . .  . ,  I... ......._ 

TABLE 19.  Fish s p e c i e s ,  number, length and ' 

weight observed on t r c x a c t  2 ,  13-VIIX-68, 1700 t o  1740 
hours .  The t r a n s e c t  b q L n s  a t  depth 12 f e e t  and 
erids a t  depth 18 f e e t .  Xccounted f o r  a r e  52 spec ie s  
and 204.21 pounds of f i s h  p e r  a c r e .  

- 

N o .  f i s h  2 
COXXON NAXG SCIESTIFIC MAiE 1. i n  inches  

Trunlpe t f i s h  Xulos tomus chinens i s  6 - 13 

U'u I4y r iy r i sc i s  b e r n d t i  IC - 6 
: . 

Kahala , S e r i o l a  du rnc r i l i i  ' I. - 15" 

- ' h i l u  Caranx me lanpygus 1 - 18 

Spot  weke Mulloidichthys samoensis 1 - 8  

Red weke N: auriflkmn~a, . . ' . _ .  3 - 3  

Moano Parupeneus m u l t i f a s c i a t ~ s  1. - 12 
9 - 7  

Mo ana ke a P. chryserydros  1 - 3  

Monotaxis g randocu l i s  1 - 7 

P o t t e r ' s  a n g e l '  Centropyge p o t t e r i  6 - 4 
. . I 

Longnose b i i t t e r f l y  Forc ip ige r  1 .ong i ros t r i s  ;27 - 4 

Blue s t r i p e  Chaet odon f r enb  lii 7 - 5  

Cross.  s t r i p e d  C :  a u r i g a  2 - 8  

Orange s t r i p e d  C.  ornatisci.mus ' 1 5 - 5  ' 

C.  m u l t i c i n c t u s  38 - 5 

C. unimacularus 5 0 . 5  

P i l i k o a  Chaetodon quadrimacu'latui.  4 - 5 
. . 

P i 1  ikoa Pa rac i r r -h i t e s  cinctus.  1 - ,5, 

P i l i k o a  P. f o r s t e r i  2 - 10" 2 - 6 
, , 

Maomao P. a r c a t u s  2 - 4  

Abudefduf abdominal i s  30 - 5 

. Ponacentrus jenlcinsi 

Weight i n  Pounds  
f o r  f i s h  Per  a c r e  



TABLE 19 (continued) 

No. f i s h  R weight  i n  Pounds 
SCIENTIFIC NAHE I. ' i n  inches j f o r  f i s h .  Per  a c r e  

I 

White t a i l  Chromis leucurus  I 92 - 3 j 2.931 
I 

Black damsel C. v e r a t e r  

C. v a n d e r b i l t  i 
- 1 

1 - 4 ;  .042 
, . 

Hinalea l a u w i l i  Thalassoma duper rey i  ' 8 7  - 6  / 9.020 

.' B i r d f i s h  (h ina lea  i '  iwi)  Gomphosus v a r i u s  

Opule . Anaiipses c u v i e r i  5 - 6  8 - 5 1  5 :I:: 
1 '. 

~ a b r o i d e s  Labroides phthirophagus 5  - 3 : .I .061 
. I 

I 

Novaculichthys taeniourus  3 - '6 ; . ,486 
I 

Uhu Scarus  dubius 4  - 8" 5  - 12: 8.016 
! 

Band snout  S. p e r s p i c i l l a t u s  1 - 20" 1 - 10;  7.110 

. . 
, S l e e p i i ~ g  uhu . Calotoinus sandv icens i s  1 - 1 2 '  1.400 

~ i h i k i h i  Zanclus canes cens '15 - .5  

. Surf  maiko Aca.nthurus g u t t a t u s  1 - 5  

Pakuikui  . A. a c h i l l e s  . 10 - 6  ' 

White-banded maiko A. l eucopare ius  '18 - 7" . 10 ' 10 

Maiko A. n i g r o r i s  

Naenae A. o l ivaceus  
, .  

Manini A. s andv icens i s  

P a i a n i  A. dussurnieri  

'Kole Ctenochaetus s t r i g o s u s  

Hawaiian' ko le  ' C. hawai ianens is  

Yellow manini Zebrasona f l'avescens 

. .. Kala 

. . Naso u n i c o r n i s  
. . 

Kala ... N. l i t u r a t u s  2 - ' 12"  



137 
TABLE 19(cont inued)  

Ho. f i s h  X 
COmOS RhYG SCIENTIBIC NANE 1. i n  i nches  

Weight i n  Pounds 
/t f o r  f i s h i P e r  a c r e  

. . 

~umuhumu-ele ' e l e  . . Melich thys  buniva - 9 1.15 .236 122.12 1 
~umuhumunukunukua~uaa Rhinecanthus a c u l e a t u s  II 

- .  / . i i 6  1 . 3 1  

o i l i  u w i ~ r i  ~ e r v a ~ o ;  spi losoma 2 - 4" 1 - 3 1 . I18 
I ' 1  -17  

I 
Spo t t ed  p u f f e r  . ' C a n t h i g a s t e r  j a c t a t o r  5 - 3  f 1 .18 . I 2 7  

Moa 
1. 

O s t r a c i o n  l e n t i g i n o s u s  5 - 3  f - - 1 - -  
! 

t I 

TABLE 20 . Fish  s p e c i e s ,  number, l eng th  and 
weight observed on t r a n s e c t  2 ,  29-X-68, 1517 t o  1555 
hour s .  The t r a n s e c t  beg ins  a t  dep th  20 f e e t  and 
ends a t  depth 10 f e e t .  Accounted f o r  a r e  57 s p e c i e s  
and 384.55 pounds o f  f i s h  per a c r e .  

No. f i s h  2 
CONNON NAYE SCIENTIFIC NhYE ' 1. i n  i nches  

l e inh t  i n  Pounds A- 
I f o r  f i s h ;  Pe r  a c r e  

Corm L f i s h  F i s  t u l a r i a  pc t iniba 

Trump" t f i s h  A U I O S  tonlus ch inens  is  

Bolocent rus  sanmara 

Oinilu Caranx me lamp ygus 1 - 18: 

Gurutsu Aphal-eus. f u r c a t u s  1 - 12 

' , R e d  weke. Mul lo id ich thys  auriflamma ' 3 - 4' 

. .  Malu Parupencus p leuros t igma 1 3  - 8 -  
. , . . 8 - 7'. 

. . 
. ' Manu . P. b i f a s c i a t u s  8  - 8 
. . 
. . 7 - 6 '  

:'. ' :' Moano P. mu l t i f a sc i . a tu s  
. .  . 8 - 6'. 

. . 
., 2 - 9' 

. '. . 
. .  . 

, i .  Noana kea P. ch ryse ryd ros  
. . 

11 - 9 . . .. - - 



TABLE 20 (continued) 

No. f i s h  2 
COXXOX NAY% SCIENTIFIC NAYE 1. i n  inches  

p o t t e r ' s  angel Cenrropyge p o t t e r i  .710 1 1.03 

w o s e  Lnn, Forc ip ige r  l o n g i r o s t r i s  ' 1.534 2 .23  
b u t t e r l l y  

Blue s t r i p e  Chae todon frenlb 1 i i . 4 - 5  .475 I .69 . 

I 
Cross s t r i p e d  C .  a u r i g a  I 

9 . -  7' i I 

Orange s t  r,iped C.  o rna t  i s s  imus 2 2 - 6  1 i 
I 

C., t r i f a s c i a t u s  
! 

2 - 4  ! - i 
C.  l u n u l a  . 1 3 - 6  i 

I 
. C .  m u l t i c i n c t u s  3 0 - 4  

3 4 - 4  j 

C. quadrimaculacus 

C.  unimaculatus 8 - 4 

Hemitaurichthys zos t e r  1 - 5 

P i l i k o a  P a r a c i r r h i t e s  c i n c t u s  7 - 3  

Maomao Abudefduf abdominalis 1 0 - 6  i : 

Pomacentrus jenkins  i 
t 

118 - 4 j 
i 

Chromis d imid ia tus  i 
2 - 3  : 

i White t a i l  C . l eucurus  1 0 - 3  i 
r 

Blue damsel C. o v a l i s  10 - 3 

Hinalea  l a u w i l i  Thalassorila dupe r rey i  24 - 7 

35 - 5 

B i r d f i s h  (h ina lea  Gomphosus v a r i u s  24 - 6 
i ' i w  i )  

Hinalea l o l o  Cor is  gaimardi  10 - 5 

Opule Anampses c u v i e r  i 3 - 7  

Labroides '  Labroides phthirophagus , 2 

1 - 4 '  



TABLE 20 (cont inued)  

No. f i s h  ji 
COXMON NAYE SCIEWTIFIC NAPE 1. i n  i nches  

Uhu 

Band snou t  

S leep ing  uhu 

~ i h ' ? k i h i  

Yakuf k u i  

White-Sanded maiko 

' Maiko 

, . 
Ma i ko 

Nacnac 

Manini 

P a l a n i  

Pualu 

KO l e  

Yellow rnanini 

Kala 

Kala 

IIumu humu 

Ilumuhumu- u l  i 

~ t e t h o j u l i s  a x i l l a r i s  

Scarus  dub i u s  

Calotomus s a n d v i c e n s i s  

Zanclus canescens 

Acanthurus a c h i l l e s  

A .  l cucopare  i u s  

A .  n ig ro fuscus  

A .  n i g r o r i s  

A. o l i v a c e u s  

A. sandvicens  i s  

A. dus sumic r i  

A. xan thopre rus  

Ctenochaetus  s t r i g o s u s  

Zebrasoma f l avescens  

Naso u n i c o r n i s  

N. l i t u r a t u s  

B a l i s  t e s  bu r sa  

M e l i c h ~ h y s  v idua  

M. buniva  

xighr  i n  Pounds 
f o r  f i s y  ? e r  a c r e  
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TABLE 20 (con t inued)  

No. f i s h  2 ;Weight i n  Pounds 
COX3lON NAYE ' SCIENTIFIC NANE 1. i n  i n c h e s  t4 f o r  f i s h  Pe r  a c r e  i i 

? 
I 5 

Hurnuhurnunukunukuapuaa Rhinecunthus  r e c t a n g u i u s  5 - 6 ' '1 .091 ' 1.58 I 
Ohua h a n s e s  s andwich i ens i s  4 - 7 1 ;947 11.38 

TABLE 21. F i s h  s p e c i e s ,  number, l e n g t h  and 
weigh t  observed on t r a n s e c t  2 ,  11-11-69, 1310 t o  1345 
hou r s .  The t r a n s e c t  beg in s  a t  dep th  10 f e e t  2nd 
ends a t  dep th  25 f e e t .  Accounted f o r  are 65 s p e c i e s  
and 547.89 pounds o f  f i s h  per  a c r e .  

Moa O s t r a c i o n  l e n t i g i n o b u s  3 - 2 .  

Lobs t e r  P a n u l i r u s  p e n i c i l  l a t u s  1' - 18-  

KO.  f i s h  2 
COXXON NAME SCIENTIFIC NAFIE 1. i n  i n c h e s  

L i z a r d  f i s h  Synodus dermatogenys 1 - 12 

Trumpet f i s h  Aulos tomus ch inens  is  3 - 12. 

-'- 

5.00 

A l a i h i  

u ' u  

Aweoweo 

. . . Gurutsu 
. . 

Spot  weke 

Red weke 

Kumu 
, 

Moana kea 

Ho locen t ru s  x a n t h e r y t h r u s  6 - 4  -.; 

H. diadema 1 - 4  

M y r i p r i s t i s  b e r n d t i  12 - 6' 
P r i a c a n t h u s  c r u e n t a t u s  2 - 6 

Aphareus f u r c a t u s  1 ' -  6 

Mul lo id i ch t . hys  samoensis  50  - 7 

M. aur i f l amma 1 0 ' -  7 

Parupeneus p leuros ' t  igma ! 1 - 8 

P. porphyreus  , 2 - 1 0  
. . . . 

P. m u l t i f a s c i a t u s  . . 40 - '  6. 
. . 

, . . . . . .  . 
P.  ch ryse ryd rbs  . . .  . 2 - ' a  

, . , 

Monotaxis  g r a n d o c u l i s  1 - 9' 
. . 

. . 

e i g h t  i n  
: f o r  f i s h  

ounds 
Per a c r e  

.80 

2.54 

.34 

.OS 

2.86 

.35 

.45 

11.95 

2.19 

.33 

1.66 

6.65 

.79 

.59 
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TABLE 21 (continued) 

No. f i s h  i? 
SCIENTIFIC ELLYE 1. in  inches 

I I 
. - -  2 

? o t c e r l s  &rigs1 'Cectropyge pot t e r i  87 - 4 / 6 .181  1 8.93 

4 Longnose b u i t e r f i y  Forcipiger  l o n g i r o s t r i s  133 - ' .4 ' .  4.001 1 5.81 
). i 

Orange s t r i ped  

P i l i koa  ' 

Maoma o 

A l o i l o i  ' . 

White t a i l  

Black damsel 

Blue damsel , 

Hinalea l auwi l i  

Birdf i s h  (hinalea 
i ' iwi)  

~ i n a l e a  l o l o  

Labroides 

Poou 

Uhu 

I 
Chaetodon orna t i s s inus  9 5  - 61 23.803 i34.56 

1. 1 .  
C, t r i f a s c i a t u s  5  - 4 1  .326 j .47 

C. mul t i c inc tus  
i 

1.731 : 2.51 
i 

C. unimaculatus .426 j .62 
I 
! 

C. lunula  7 - 61 1.648 2.39 
I 

C. quadrinaculatus 10 - 4 .608 .88 
1 I 
I .  

P a r a c i r r h i t e s  f o r s t e r i  1 - 41 . 045 ' !  .07 
i 

P. a rca tus  13 - 41 . .607 .; .88 

Abudef duf abdominal is I14 - 5t 15.390 ' 22 .35  
f i 
1 

A. impa.ripennis 21 - 2: .lo6 .15 
1 
1 

Pomacentrus j enk ins i  136 - 5 ,  15.980 23.20 

Dascyllus a l b i s e l l a  20 - 41 1.498 2.18 

i 
Chromis leucurus 215 - 2 2.038 2.96 

1 
1 

C.  v e r a t e r  . 5 - 4: .310 .45 
I 
J 

C.  ova l i s  .. . .  . 7 - 4; .  . 3 7 6 j  .55 

I , . 

Thalass oma duperreyi  105 - 5; 6.300 ; 9.15 
i 

Gomphosus va r i u s  65 - 41' 1.331 1.93 

Coris  gaimardi 

Labroides phthirophagus .085 .12 

Novaculichthys taeniourus .288;,  -42 
1 ., . .! 

Cheil inus: rho.dochrous 8 - 8; I 2.294; 3.33 
I 
! 

Scarus dubius : 5 - 9 " ,  5 -18' 31.516 45.76 
18 - a:.,, ,I 

! 



TABLE 2 1  (cont inued)  

No. f i s h  2 
CONKON NAiiE SCIENTIFIC NAXZ 1. i n  i nches  

Scarus  so rd idus  27 - 8 

Scarops j o r d a n i  3 - 2G 

~ i h i k i h i  Zanclus canescens 38 - 4 

Surf  msiko Acanthurus g u t t a t u s .  10  - 6 

Pakuikui  A .  a c h i l l e s  70 - 4 
1 - 8 

White-banded A .  l eucopa re iu s  32 - 6 
ma i k o  

Maiko A. n ig ro fuscus  5 - 6  

A. n i g r o r i s  '300 - 6 

Naenae A. o l i v a c e u s  . l o  - 10 
Manini A. s a n d v i c e n s i s  . 136 - 4 

P a l a n i  . A. dus sumie r i  28 - 8 

Pualu A .  mata 71  - 4 

Kole Ccenochaecus s t r i g o s u s  225. - 4 

Yellow manini  Zebrasoma f l avescens  4 2 5 . -  4 

S a i l f i n  tang  Z.  v e l i f e r u m  1 - 6  

Kala Naso hexacanthus 77 - 8. 

N. u n i c o r n i s  . 2 - 12  
. . 

N. l i t u r a t u s  79 - 7 

Hunuhumu B a l i s  tes b u r s a  9 - 6  

Eunuhumi-mimi B. c a p i s t r a t u s  2 - 7  

Hhuhumu-ul i  Mel ich thys  v idua  1 - 5 .  

Loulu A l u t e r a  monoceros . 2 - 1 2  
, . 

O i l i  w r w i  Pervagor  sp i losoms 5 - 4  

e i g h t  i n  Pounds 
: f o r  f i s h :  Pe r  acr; 

21.289 SO. 91 
I .  . 

2.212 ! 3.21 



TABLE .2l (cont inued)  
143 

COXXON NAME 
No. f i s h  jZ 'Weight i n  

SGIENTIFIC NANE 1. i n  i nches  I(L f o r  f i s l  

Mo a O s t r a c i o n  l e n t i g i n o s u s  3 - 2 1 - - *  
i 
i 

Spo t t ed  ~ u f f e r ,  C a n t h i g a s t e r  j a c t a t o r  - 1 - 3 i ; .025 
. < 

h'enue iKyphosus. c i n e r e s c e n s  2. - 12 i 2.557 
i 

T u r t l e  Chelonia  mydas 1 -  18 

. , 

ound s . 
Per  a c r e  



TABLE 22. F ish  s p e c i e s ,  number, l eng th  and 
weight observed on t r a n s e c t  3 ,  13-VIII-68, 1140 t o  
1215 hours .  The t r a n s e c t  begins  a t  depth  10 f e e t  
and ends h t  dcpth  10 f e e t .  Accounted f o r  are 39 
spec i e s  and 101.93 pounds of  f i s h  per  a c r e .  

KO. f i s h  >i 
CGXXOS NILYE SCXESTXFXC AIZYH 1. i n  inches  

- 
Truspe t  f i s h  Aulos tomus ch inens  is  

. . .  
' 2 - 1 2  

U'u - . Ny' r ipr i . s t i s  b e r n d c i  
. . 

1 - 4. 

. ,  . 
~ c d  weke M. auriflarrma , .  10  - 5  

Malu Parupemus  p l eu ros t igma  1 - 6  

Mo ano P. m u l t i f a s c i a t u s  3 - 7" 2  - 4 

Moalia ke a  P., ch ryse ryd ros  . . 1 - 12 
, 
P o t t e r ' s  angel  Ccntropyge p o t t e r i  1 - 4 '  

Longnosc b u t t e r f l y '  F o r c i p i g e r  l o a g i r o s t r i s  5  - 5' , 

Blue s t r i p e  . Chactodon f r e m b l i i  2 . -  5  

Orange s t r i p e d  C.  o r n a t i s s  imus 13 - 5  

C. l u n u l a  1 - 8  

C. m u l t i c i n c t u s  25 - 4 

C. quadri inaculatus  .. 3  - 5' 

P i l i k o a  . P a r a c i r r h i t e s  a r c a t u s  2 - '4.  

. .  . Kaonao Abudefduf a b d o n i n a l i s  5 - 5  

Poinacentrus j cnk ins  i . 2 7  - 4 
. . 

' . White .  t a i l  , , ~ h r o m i s  l eucu rus  
. . 

5  - 3  

H i g  1 ' ~ h a l a s s o n a  d u p e r r e y i  ' 71 - 6 
, . .4  - 4 

B i r d f i s h  ( h i n a l e a  i ' i w i )  Goiiphosug v a r i u s  , :  3 .  - 5 ;  '' 
' I .  

Hinalea  l o l o  C o r i s  g a i n ~ r d i  1 - 5  

Per a c r e  



TABLE 2 2  (cont inued)  

No. f i s h  5 
COXXOX NhYE SCIENTIFIC N&% 1. i n  inchcs  

ounds 
Per  z c r c  

Weight: i n  
/L f o r  f i s h  

Omaka 

Uhu 

Band snout  

K i h i k i h i  

Pakui ku i  

\!hi te-banded maiko 

Maiko 

Nacnae 

Manini 

' P a l a n i  

Pualu 

KO l e  

Yellow manini 

Kal a 

Humuhumu 

Humuhumu- e l e  ' e l e  

S t e t h o j u l i s  a x i l l n r i s  

Scarus  dubius 4 - 5" 

S. p e r s p i c i l l a t u s  

Zanclus canescens 

Acanthurus a c h i l l e s  

A. l eucopa re ius  

A. n i g r o r i s  

A.  o l ivaceus  

A. s andv icens i s  

. loo  

.759 

' 4.607 

.It58 

5 .38.7 

9.585 

l.6Sfk 

1.785 

.907 

.374 

2.305 

6.257 

LO. 120 

3.927 

.769 

.5G3 

A;  dussumier i  

A .  mata , 

Ctenochae t u s  s  t r i g o s u s  

Zebrasoma f l avescens  

Naso l i t u r a t u s  

B a l i s  t e s  bu r sa  

Melich thys  b u n i v ~  
. I 

Spo t ted  p u f f e r  C a n t h i g a s t e r  j a c t a t o r  2 -  4'j ,120 
f 



TABLE 23. F ish  s p e c i e s ,  number, l ength  and 
weight  qbserved on t r z n s e c t  3 ,  29-X-68, 1645 t o  1730 
hour s .  The t r z n s e c t  beg ins  a t  dep th  10 f e e t  and 

' 

ends a t  'depth 14 f e e t .  Accounted f o r  a r e  63 spec i e s  
and 669.05 pounds o f  f i s h  per  a c r e .  

i 
So. f i s h  % iweight i n  Pounds 

COXXOS XAm SCIESTIFIC NAN% 1. i n  i nches  ' L  f o r  f i s h  P e r  a c r e  

A l a i h i  

U ' u  

Upapalu 

White u l u a  

Spot weke 

Red welce 

Malu 

Kumu 

Moano 

Moatla kea 

P o t t e r ' s  
ange 1 

Longnos e  
b u t t e r f l y  

Blue s t r i p e  

Trumpet f i s h  Aulos tomus c h i n e n s i s  

Orange s t r i p e d  C. o r n a t i s s i n u s  

Holocentrus  xan the ry th rus  

. ~ ~ r i ~ r i s t i s  be rnd t  i 

Apogon s n y d e r i  

Carangoides a jax 

Mulloidichthy;  sixnoens is  

M. aur i f lanum 

Parupeneus p l c u r o s t i g n a  

P. porphyreus 

P. chryserydros  

Centropyge p o t t e r  i 

F o r c i p i g e r  l o n g i r o s  t r  i s  

Chae todon frcinbl ii 

Puka Chae todon m i l i a r  is  

C .  t r i f a s c i a t u s  

C .  'mu l t i c inc tus  

C .  unimaculatus  
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TABLE 23 ( c o n t i n u e d )  

No, f i s h  Z h e i g h t  i L 1  Pounds 
COMMOX NAME SCIENTIFIC NAME 1. i n  i n c h e s  'F f o r  f i s h [ P e r  a c r e  

P i  1 i k o a  

P i l i k o a  

P i  1 i k o a  

Poo-paa 

Maoinao 

Kupip i  

Whi te  t a i l  

I I i n a l e a  l a u w i l i  

E i r d f  i s h  ( h i n a l e a  
. ,  i ' iwi )  

H i n a l c a  l o l o  

L a b r o i d c s  

C. l u n u l a  

C .  q u a d r i m a c u l a t u s  

I lernitaur~i.chthys i o s  t e r  

P a r a c i r r h i t e s  c i n c t u s  

P. f o r s t e r i  

P. a r c a t u s  

C i r r h i t u s  a1 t e r n a t u s  

nbudcfduf  a b d o m i n a l i s  

A .  sorcliclus 

P o n a c e n t r u s  j e n k i n s i  

Chromis d i m i d i z t u s  

C. l e u c u r u s  

Thalassoina d u p e r r e y i  

T. urnbros t i p a  

Gomphosus v a r i u s .  

' C o r i s  g a i m a r d i  

L a b r o i d e s  p h t h i r o p h a g u s  

N o v a c u l i c h t h y s  t a e n i o i i r u s  1 - 6 . I 6 2  .24 

S t e t h o j u 1 . i ~  s x i i  l a r i s  IG - 5 
1 - 9 1.41.9 2.06 
. . 

, , 



TAELE 23 (cont inued)  

No. f i s h  % 
COXXON KkYE SCIENTIFIC NAYE 1. i n  i n c h e s  

Uhu' Scarus  du'bius 

Band snout  S. p e r s p i c i l l a t u s  

K i h i k i h i  Zanclus canescens 

Pakuikui ~ c a n t h u r u s  a c h i l l e s  

White-banded mail<o A .  l eucopa re iu s  

Maiko A .  n i g r o f  us cus 

Naenae A. o l i v a c e u s  

Xanin i  A. s a n d v i c e n s i s  

P a l a n i  A .  dussumier i  

Pualu A ,  ' xan thoptervs  

Kole Ctenochae t u s  s t r i g o s u s  

Hawaiian ko l e  C, hawai iens  i s  

Yellow n a n i n i  . Zebrasoma f l avescens  
I .  

Horned ka l a  Naso b r e v i r o s  t r i s  

. . 

Kala N. l i t u r a t u s  

Kurnuhumu-uli Mel ich thys  v i d u a  

Humuhumu-ele ' e l e  M. buniva 

Xanth ich thys  r i ngens  

reight  i n  Pounds 
1 f o r  f i s h / . P e r  a c r e  

' ttumuhu~nunukilnu, Rhinecanthus r ec t angu lus  6 - 6 .  ! i , . 
kuapuaa 1 .: 1 1 1.309 

O i l i  uwiwi ' .  Pervagor  spi losoma 7 - 4 1. .341 

~or-1 . O s t r a c i o n  l e n t i g i n o s u s  - 1 -- 
I 

Spo t  tec! p 'uffer C a n t h i g a s t e r  j a c t a t o r  1 -  2 1 .008 
I 
I 



TABLE 23 (continued) 149 

No, f i s h  P h e i g h t  i n  Pounds 
SCIENTIFIC NAME ' 1. i n  inches  L f o r  f i s h  iPer a c r e .  C O r n O N  NAME 

1 - 4 '  
I Lion f i s h  P t e r o i s  sphex 1 .047 j .07 

, TABLE 24. Fish s p e c i e s ,  number, length  and 
we igh tobse rved  on t r a n s e c t  3,  11-11-69, 1154 t o  1227 
hours .  The t r a n s e c t  begins a t  depth 16 f e e t  and 
ends a t  depth 16 f e e t .  Accounted f o r  a r e  46 spec ies  

1 

- - 
I 
I 

and 166..81'pounds of  f i s h  per a c r e .  

Blenny C i r r i p e c t u s  obscurus 2 - 5  
1 - 8 

No. f i s h  ii 
' ' COMMON NAME SCIENTIFIC NAME 1. i n  inches  ' 

- - 
Mo i Polydacty lus  s e x f i l i s  25 - 1 2  

Jei gh t i n  Pounds 
L f o r  f i s h !  Pe r  a c r e  

25.00 I 
36.30 

. Trumpet f i s h  ~ u l o s  tomus chinens is -3 - 15 
2 - 30 

Holocentrus s p i n i f e r  2 - 10: A l a i h i  

He scy th rops  8 - 6  

M y r i p r i s t i s  b e r n d t i  16 - 6 u'u 

P r i acan thus  c ruen ta tus  9 - 9. .  

Mullo id ichthys  samoens i s  1 7 - 6 .  Spot weke 

Red weke 

Kuinu 

- . . 
M. a u r i f l a m a  .. 1.13 - 6 

. . ,  . . . .  ,. i .  . 
. I .  

. . 
. .  , . . . . . .  

Parupeneus porphyreus . . . . . . . . . . .  3 - 5 . ' .  . 
. . .  

. . 

P. b i f a s c i a t u s  . . . . .  . ... . 2 - 8' ;' . . 
# . . . ,  . . . . 
. . P. r n u l t i f a s c i a t u s '  ' . 9 - 5 '  Moano 

! i  : . ;) . .  

~ o l a c a n t h k  a rcua tus  , 1 -  5 1 ,139 
. . 
, ' .  . I '. 

- - .'., . .  
. . .  

Centropyge p o t t e r i  : . .. : ,: .30 - 42. 
. . . . . . 

2 . 1 3 1  . I -  . . 

. . 
. . Black-white 

. . ange 1 
: p o t t e r ' s  

\ angel  

. . Longnose 
, b u t t e r f l y  . . .  

. . . .  I .  

. . .  r ,  

. . 

. . i' 
. . ! 

Forc ip ige r .  l o n g i r o s t r i s '  ' 43  - 5 ' , j 2.526 ' 3.67 
. . . : .  , . . . . . . .  . . . .  . ; .. . . . . . . .  . . . . . . . .  . . .  1 % :  . . . . .  . . :.I . . . . . . . .  . . . . . .  . . . :  . .  . . . . .  . . . _  . . . 

. . .  . ! .  :. . "  . . . . . . . . . .  . . . .  8 : 
. . . . . . . . . . . .  . . .  . . . . . . . .  . . 

. . . . . . . . .  . . .  . . . . . . . . . . . . . . . . . .  . . .  . . . . i . . . .  . . . . . .  . . ! ',.. a .  , ',' . . , , .  . . . . . . . .  . . . . . . : . .  . . 
. . . .  . . . .  . ,  b : '. ' '  , 

. . . . :  . . .  
: ..:I' . . . . . . 

. . . . . .  . . , .  . . .  . I .  : . . .  . . .  , , .  
. . 



: Cross s t r i p e d  ' chaetodon h u r i g a  

Orange s t r i p e d  

Puka 

P i l i k o a  

C. o r n a t i s s i m u s  

C. m u l t i c i n c t u s  
- .  1 

C. l u n u l a  

P a r a c i r r h i t e s  c i n c t u s ,  

P. f o r s t e r i  

C i r r h i t u s  a l t e r n a t u s  

: Maomao 

TABLE 24 (cont inued)  

No. f i s h  2 h e i g h t  i n  Pc 

A l o i l o i  

CONMON NAYE S C I E N T I F I C  NAME 1. i n  i nches  

White t a i l  

L f o r  f i s h  / I  

, .  Blue damsel 

A 

i 

Hinalea  l a u w i l i  

Abudefduf abdominal is  

Pomacentrus j enk ins  i 

Dascyl lus  a l b i s e l l t i  

Chromis l eycu rus  

C. o v a l i s  

Thalassoma d u p e r r e y i  . 

' B i r d f i s h  ( h i n a l e a  Gomphosus v a r i u s  
i ' i w i )  

Hina lea  l o l o  Cor i s  ga imard i  

Labro ides  

. Uhu 

Band snou t  

1 .  
' K i h i k i h i  

A Pakuikui  

white-banded 
maiko 

Xaiko , .  

Labro ides  ph th i rophagui  22 - 3  
Scarus  dubius  1 7 - 4  I 
S. p e r s p i c i l l a t u s  

Zanclus c a i e s c e n s  2 3 - 5 '  l 2  1 1 

Acanthurus a c h i l l e s  ' 3 - 5 1 
A. l eucopa re iu s  1 9  -. 8 

A. n i g r o r i s  12  - 5 
t 

~ u n d  s 
Per a c r e  
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TABLE 24 (cont inued)  

No. f i s h  Z !Weight i n  
COMEON NAME SCI-ENTIFIC NAME 1. i n  i nches  /f f o r  £ i s  

Naenae A. o l i v a c e u s  

' ' P a l a n i  

' , Pualu  

Kole 

Yellow manin i  

s a i l f i n  t a n g  

Kala 

Humuhumu 

O i l i  uwiwi 

A .  dussumier i  

~ c a n t h u r u s  x a n t h o p t e r u s  

A. mata 

Ctenochaetus  s t r i g o s u s  

Zebrasoma f l a v e s c e n s  

2. v e l i f e r u m  . 

Naso l i t u r a t u s  

B a l i s  t e s  b u r s a  

Note: About 20 t o a u ( L u t j a n u 3  v a i g i e n s i s )  observed 

p a s t  t h e  end o f  t h e  t s a n s e c t  l i n e .  

'ounds 
P e r  a c r e  

under c o r a l  heads  



TABLE 25. Fish s p e c i e s ,  number, length'  and 
weight observed on t r a n s e c t  4 ,  6-VI-68, 1538 t o  1600 

' hours .  The t r a n s e c t  begins a t  depth 55 f e e t  and 
ends a t  depth 23 f e e t .  Accounted f o r  a r e  4 1  spec ie s  
and 174.89 pounds of f i s h  per a c r e .  

No. f i s h  2 
CONXON NmE SCIENTIFIC NAME 1. i n  inches  

A l a i h i  

Uku 

Spot weke 

'.. Malu 

Moano 

Moana ke a  

P o t t e r ' s  
ange 1 

. . 
Longnose 

b u t t e r f l y  
Blue s t r i p e  

Cross s t r i p e d  

Holocentrus xanthery thrus  1 - 5 j .076 

M y r i p r i s t i s  b e r n d t i  1 - 3  ( .021 

Aprion v i r e s c e n s  1-36" \ 1 - 1 2  !29.031 
1 
i 

Mullo id ichthys  samoensis 15 - 8 3.'686 
. !  

i Parupeneus p leuros  t ignia 2-8", 4-6 1 ,850 
. . 

P. m u l t i f a s c i a t u s  1'1 - 6 ,  1.259 

P. chryserydros  . 1 - ' 6 '  . I14 

Monotaxis grandocul i s  1-8", 1-12. 1.255 

Centropyge p o t t e r i  
1 '  . 

'9 - i .270 

F o r c i p t g e r  long i ros  t r  is . 8 - 4  .241 
-I 

Chaetodon f r e m b l i i  
I 

1 - 6  -205.  
i .  
I . '  

C .  a u r i g a  1 - 5 1 -136 
i 

Orange s t r i p e d  C .  o r n a t i s s i n u s  . 
. . 

1.262 1 7 - 4  !: 

C.  m u l t i c i n c t u s  5 - 1 1  j .33 

Poo-paa C i r r h i t u s  a l t e r n a t u s  2 - 6  
. . 

,346 

Maomao Abudefduf abdominal j?~ 1 
15 - 4 . .  ' t  1.037 

Yellow eye Pomacentrus jenkins i 
fi 

9 - 3  1 ,228' 
damsel . . 

A l o i l o i  Dascyl lus  a l b i s e l l a  6 5 - 4  I 1 4.867 
! 

ounds 
P e r  ac re :  

i I White t a i l  Chromis leucurus ' 3 2  - 2' j ,302. .44 
1 

Black Amse.1' C. v e r a t e r  
i 

24 - 5 i 2.910 1 4.23 . 

. . i . . I 
: .  Hinalea l a u w i l i ~ h a l a s s o m a  d u p e r r e ~ i  24 - 4 i ,737 1.07 

... i 
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TABLE 25 (continued) 

No. f i s h  jl ,Weight i n  Pounds 
COiviMON NAME SCIENTIFIC NAME 1. i n  i nches  f o r  f i s h '  Per  a c r e  

Bi rdf  i s h  ( h i n a l e a  Gomphosus v a r i u s  
i' i w i )  

Hina lea  l o l o  Cor i s  ga imard i  3 - 611, 2 - L 

Novacul ichthys t aen iou rus  1 - E 

S t e t h o j u l i s  a x i l l a r i s  4 - 4 

Poou Che i l i n u s  rhodochrous.  ' 2  - 4 

Uhu Scarus dubius  24 - 8 

Hand snout  S. p c r s p i c i l i a t ' u s  1 - 1  

S. s o r d i d u s  1 - 1 

... ~ u j i ' s  Limuteeth Scarops j o r d a n i  3 - 2  

Zanclus cane's cens 11 - 4 K i h i k i h i  

Naenae Acanthurus o l i v a c e u s  g , 8 

A .  dussumie r i  1 - 8  

Ctenochaetus  s t r i g o s u s  78 - 4 

P a l a n i  

Kole 

Yel low manini  Zebrasoma f l avesccns  109 - 4 

Kala Naso l i t u r a t u s  6-10", 4-3 , 5-5" 

Kole Ctenochaetus  hawa i i anens i s  2 - 4 

Black 

t 

Humuhurnu , 

Acanthurus thompsoni i  2 - .  6 

Zebrasoma v e l i f e r u m  1 4  - 3 

B a l i s t e s  b u r s a  5-5" ,  1-6", 6-3 

O i l i  u w i w i  Pervagor  sp i losoma 8 - 4 



TABLE; 26. Fish s p e c i e s ,  number, length  and 
weight observed on t r a n s e c t  4 ,  13-vIII-68,  0857 t o  
0915 hours .  The t r a n s e c t  begins a t  depth 53 f e e t  
and ends a t  depth 27 f e e t .  Accounted f o r  a r e  43 
spec ie s  and 102.36 pounds of  f i s h  per  a c r e .  

- - --- - - -- - - - - - -- - 

No. f i s h  j2. 
COMMON NAME SCIENTIFIC NAME 1. i n  inches  

- ~ - .  - ~- 

- ... . . . . . . . . . . . .  . . 

. Puhi paka Gymnothorax f l av imarg ina tus  1 - 36 

Trumpet f i s h  Aulos tomus chinens is  

Holocentrus ens i f e r  

u 'u Myripr i s  t i s  berndt  i 
. .  

. Upapalu Apogon snyder i  

Spot weke Mul lo id ichthys  samoensis 

Red weke M. auriflamma ' 
. . . .  ' 

Nalu , Parupeneus p leuros  t igma 

Manu P. b i f a s c i a t u s  

. . Moano ' P. m u l t i f a s c i a t u s  

Black-white angel  Holacanthus a rcua tus  

P o t t e r ' s  angel  Centropyge p o t t e r i  

Longnose b u t t e r f l y  F o r c i p i g e r  l o n g i r o s t r i s  

Orange s t r i p e d  Chae todon o r n a t  iss imus 

: . 
- .; C. m u l t i c i n c t u s  2 9 , -  5 

- . 

. . i. : .  Pomacentrus j e n k i n s i  
' - .  ' ,  5 - 4". 

. . 

. , ; 8,' . , 
., . . , . :: A l o i l o i  I 

Dascyllus  a l b i s e l l a  55 - 4 
i ,  . . . . . 

White .  t a i l  ' ,  Chromis leucurus  
. . 

27 - 3'' 
. . . . 

. , .  . . 

Black damsel C.  v e r a t e r  . . . : , ' ' lo  - 4 
. . .  i '  . , . .  . . 

/ . . . .  : 
i Blue damsel . C. o v a l i s  6 - 3  

d e i g h  t i n  
4. f o r  f i s t  

wnds 
' e r  a c r e  



TABLE 26 (continued) 
. . . . . . .  . . . . . . . . . . . . . . . . .  

- - 

No. f i s h  2 
COM4ON NAXE SCIENTIFIC NAME 1. i n  inches  

- - 

Hina lea  l a u w i l i  ;Thalassoma d u p e r r e y i  58 - 5 
I 

I 
H ina lea  l u a h i n e  T. b a l l i e u i  13 - 4 

, . . . 
. a  
. . 
: . 

I :  . . . . , .  . Hinalea  l o l o  . Coris  gaimardi  
. . .  
: .. , .  . . . 
I I Opule .Anampses c u v i c r i  
I . .  . .  

4  - , 4 !  
: : .  . .  
1 . .  . , . '  

. . 
, . : Labroides Labroides phthirophagus . 2 -; 4'- 

I 

? ,  Ornaka S t e t h o j u l i s  a x i l l a r i s  3 - 4. 
. . 

. . 
. . . . 

,Poou , . . . Che i l i n u s  rhodochkous 2 - 6" 
: ,  . . . 

Uhti Scarus  dubius 14 - 811 12  - 6 
I 

S. so rd idus  1 - 12 
K i h i k i h i  Zanclus canes cens .8 - 4 

Pakuilcui Acanthurus a c h i l l e s  
-, ;. ' .  . 2 - 4 

. . 
. . . 8 

. . .  ..White:banded maiko A .  1eucopare.ius 2 - 6: 
. . .  2 .  . , , '  ' I  

Maiko A .  nigrofuseus  
: ... 
i :  . .: . > 
, , .  
. . . .  . . , . Mai ko A. n i g r o r i s  . . . .  ! . .  10 - 3 

. . . . . . .  . . . . . .  . . . .  ! . . . . .  : i . . . . . .  
. . , . 

. . 
. . .  . . . . .  . . Naenae 1 A. o l i vaceus  . " ,  :. . 34;-:8. 

: :. . . . . . .  . . 
I : . ,  I .. , ' .  

. . . . .  . . . , I . .  . . . . . . . . . .  
., . 

I.. : , 
j , . ' ,  . 
t i ,  , :  P a l a n i  A.  dussumieri  ' . , , '  . 3 . -  8., . .  '. . : . . I 

I . .  . . . ; .  . I . ; .  . .  . . 
. . .  8 .  . . .  
. : , . 
.I . Kole 

. . 
Ctenochaetus s t r i g o s t i s  - ',115 -' 4 

. . . . .  . . . . . . . . . .  
. . 

. :  , . . 

: . I  ! . . . .  ! .  :, , , ,  . 
, 

. . ,: ' .  Yellow manini  Zebrasoma f l avcscens  ' i  ' 154 '  - 4. .  

Kala 

Humuhumu 

O i l i  uwiwi 

~ a n d e d  p u f f e r  

Weight i n  Pounds 
f o r  £ i s h i p e r  a c r e  



TABLE 27. Fish s p e c i e s ,  number, length  and 
weight observed on t r a n s e c t  4 ,  29-X-68, 1320 t o  1350 
hours .  h e  t r a n s e c t  begins a t  depth 55 f e e t  and 
ends a t  depth  22 f e e t .  Accounted f o r  a r e  43  spec ie s  

.- - - and 107.23 pounds of  f i s h  per a c r e .  

No. f i s h  ji. 
CONNON NAME SCIENTIFIC NAME 1. i n  inches  

Je ight  i n  pounds 
f o r  fish- , Per a c r e  

Lizard f i s h  Synodous v a r i e g a t u s  

Trumpet f j sh  Aulos tomus ch inens i s  

Holocentrus sammara 

Aprion v i r e s c e n s  - - Uku 

Spot weke 

Malu 

Manu 

Moano 

Mul lo id ichthys  samoensis 

Parupeneus pleurostigrna 

P. b i f a s c i a t u s  

P. m u l t i f a s c i a t u s  

P. chryserydros  

Monotaxis grandocul i s  

Centropyge p o t t e r i  

Fo rc ip ige r  l o n g i r o s t r i s  

' Chaetodon c o r a l l i c o l a  

Moana kea 

Mu' 

P o t t e r ' s  
ange 1 

Longnose 
b u t t e r f l y  

c o r a l l i d o l a  

C. a u r i g a  

C. o rna t i ss imus  

C.  unimaculatus 

' C. mult i c i n c t u s  

Cross 
s t r i p e d  

Orange 
s t r i p e d  

Pililcoa ~ a r a c i r r h i t e s  f o r s  t e r i  



TABLE 27 (continued) 

No. f i s h  2 
CONkiON NAME SCIE'NTIFIC NAPE 1. i n  inches  

Weight i n  Pounds 
4: f o r  f i s h l  p e r  a c r e  

I Maomao . Abudefduf abdominal is  9 - 6 .  

Yomacentrus jenlcinsi  1 - 5  

Alo i lo i '  Dascyl lus  a l b i s e l l a  100 - 4 

White t a i l  Chromis l eucu rus  80 - 3 

' s i a c k  damsel C. v e r a t e r  
. . 

A ' awa Bodinnus b i l u n u l a t u s  2 - 7. 
. - 1 - 3  

Hina lea  lauWil i  . Thalassoma dupe r rey i  25 - 7 

B i r d f i s h  (h ina l ea  Gomphosus v a r i u s  5 - 3  
i ' i w i )  

Hina lea  l o l o  Cor i s  ga imardi  18 - 6 

' ,  Labroides Labroides phthirophagus 1 - 2' 

Novaculichthys t aen iou rus  1 - 4 

Scarus  dubius 

Band snout  S. p e r s p i c i l l a t u s  

S leeping  uhu 

K i h i k i h i  

Maiko 

Naenae 

Calotomus sandv icens i s  

Zanclus canescens 

Acanthurus n ig?bfus  cus 

A. o l i v a c e u s  

Pualu 

Kole 

Yellow manini 

A. xan thop te rus  

Ctenochae t u s  s trigos'us' 

Zebrasoma f l avescens  



TABLE 27 (con t inued)  
158 

I 
. . No. f i s h  P e i g h t  i n  Pounds 

CONMON NAME SCIENTIFIC NAME 1. i n  i n c h e s  f o r  f i s h 1  P e r  a c r e  

Hurnu humu B a l i s t e s  b u r s a ,  6 - 4 -  1 . 3 4 2  1 050 : 

3.94 

- - 1 

TABLE 28. F i s h  s p e c i e s ,  number, l e n g t h  and 
weigh t  observed on t r a n s e c t  4 ,  12-11-69, 1254 t o  1315 
h o u r s .  , T h e  t r a n s e c t  beg in s  a t  dep th  56  f e e t  and . . 

ends a t  dep th  32 f e e t .  Accounted f o r  are 47 s p e c i e s  

- 
'Kala Naso l i t u r a t u s  5 - 8  

1 - 5 

H u m u h ~ m ~ - ~ l i  ~ e l i c h i h ~ s  v i d u a  4 - 6  

O i l i  w i w i  Pervagor  sp i losoma 3 - 4 

and 201.24-pounds o f  f i s h  p e r  a c r e .  

2.712 

- - - -  - - 

No. f i s h  P 
COXMON NAME SCIENTIFIC NAME 1. i n  i n c h e s  

.713 

.146 
r 

. ~ r ~ m p e  t f i s h  Aulos tomus ch inens  is 

1.04 

.21 

U'u M y r i p r i s t i s  b e r n d t i  

: ' Malu ~ a r u ~ e n e u s  p l e u r o s  t igma 

. . . ,  Moano 

. . 
. . P o t t e r ' s  

ange 1 

' . . Longnose , 

. b u t t e r f l y  
Cross  ' 

s t r i p e d  

Orange 
s t r i p e d  

'. . . . 

P.  b i f a s c i a t u s  

P. r n u l t i f a s c i a t u s  
.. . 

Centropyge p o t t , e r i  

F o r c i p i g e r  l o n g i r o s t r i s  

Chaetodon a u r i g a  

C. o r n a t i s s i m u s  

C. m u l t i c i n c t u s  

C. un imacula tus  

e i g h t  i n  Pounds 
. f o r  f i s h j  P e r  a c r e  



TABLE 28 (cont inued)  

No. f i s h  ji 

CONNON NhYE , SCIENTIFIC NAME 1. i n  i nches  

e i g h t  i n  Pounds 
. f o r  £ i s h i p e r  a c r e  

Hemi taur ich thys  z o s t e r  1 - 4 

P a r a c i r r h i t e s  f o r s t e r i  5 - 8  

P. a r c a t u s  5 - 4  P i  l i k o a  

. Maomao Abudefduf abdominal is 10 - 5- '  

Pomacentrus j enk ins  i .' 1 4" 

Dascyl lus  a l b i s e l l a  34 - 4.' A l o i l o i  

. .  White t a i l  Chromis l eucu rus  37 - 3 '  
C. v e r a t e r  6 -' 6- . :, Black damsel 

. . .. . . 8 .  

C.  o v a l i s  4 - 3  
I 

Bodianus b i l u n u l a t u s  5 - 11- 

Thalassoma d u p e r r e y i  66 - 5 

Blue damsel 

A'awa 

Hina lea  l a u w i l i  

T,, b a l l i e u i  2 - 8  

Gomphosus v a r i u s  2  - 4" 

Hina lea  l uah lne  

B i r d f i s h  ( h i n a l e a  
i ' i w i )  

Hina lea  l o l o  

Labro ides  

Cor i s  ga imard i  28 - 6. 
Labroides  ph th i rophagus  9. - 3- 

Novacul ichthys t a e n i o u r u s  1 - 4  

Poou C h e i l i  nus..: rhodochrous 8 - 9  

Searus  dub i u s  41 - 6 

S. p e r s p i c i l l a t u s  5  - 18 
1 - 24 

S. s o r d i d u s  4 ' -  6 

Band snou t  

Calotomus s a n d v i c e n s i s  1 - 6 '  S l eep ing  uhu 

Zanclus canescens . 24 - 5 

Aeanthurus a c h i l l e s  18 - 6 

K i h i k i h i  

Pakuikui  



TABLE 28 (continued) 

No. f i s h  2 
COMMON N&YE SCIENTIFIC NAME 1 .  i n  inches 

Ma i ko A.  nigrofuscus 

A. n i g r o r i s  

A. o l ivaceus  

Manini A'. sandvicensis  

Pualu Acanthurus mata 

Kole Ctenochaetus s t r igosus  

Yellow manini Zebrasoma f lavescens 

Kala . Naso l i t u r a t u s  

' Humuhumu B a l i s  t e s  bursa 

Xanthichthys ringens 

O i l i  uwiw3 Pervagor spilosoma 

e ight  i n  
, for  f i s h  Per acre  



TABLE 29. F i s h  s p e c i e s ,  number, l ength  and 
weight observed on t r a n s e c t  5 ,  6-VI-68, 0905 t o  0935 
hours .  The t r a n s e c t  begins  a t  depth 60 f e e t  and 
ends a t  depth 20 f e e t .  Accounted f o r  a r e  38 s p e c i e s  
and 110.47-pounds of  f i s h  ver  a c r e .  

No. f i s h  Z 
COWON NAiYE SCIENTIFIC NAME 1. i n  inches  

. Holocentrus  e n s i f e r  1 - ' 6  

Moano Parupeneus m u l t i f a s c i a t u s  6 - 6 

P o t t e r ' s  ange l  Centropyge p o t t e r i  15 - 4 

Longnose P o r c i p i g e r  l o n g i r o s t r i s  18 - 4 
b u t t e r . f l y  . . . 

Blue s t r i p e  Chaetodon f r e m b l i i  . 1 - 4  

Orange s t r i p e d  C. o rna t i s s imus  16 - 4 

C.  l u n u l a  1 - 5 

: C. m u l t i c i n c t u s  10 - 4.- 

Y i l ikoa  P a r a c i r r h i t e s  f o r s  t e r i  1 - 5  

Yellow eye damse:Pomacentrus jenkins  i 6 - 3  

White t a i l  Chromis l eucu rus  67 - 3 

Black damsel C. v e r a t e r  37 - 5' 

Hinalea  l a u w i l i  Thalassoma d u p e r r e y i  27 - 4 
I 

Hinalea  luah ine  T. b a l l i e u i  : 4 - 4  

B i r d f i s h  ( h i n a l e a  Gomphosus v a r i u s  1 - 2" 2 - 5 
i ' i w i )  

3 ~ 

\ a  . Hinalea  l o l o  

Hi lu  

, Labroides 

Omalca 

Poou 

Cor i s  ga imardi  . ' 2 - 5 '  1 

Cor i s  f  l a v o v i t t a t a  1 - 2 

Labroides phthirophagus 1 - 3. 

S t e t h o j u l i s  a x i l l a r i s  2 - 4  

Che i l i nus  rhodochrous 4 - 10 

!eight  in Pounds 
f o r  f  ishl Per  a c r e  



TABLE 29 (continued) 
162 

I 
No. f i s h  Z 

COXPION NAYZ SCIENTIFIC NANE 1. i n  inches 
i 

Per a c r e  

 halas lasso ma lu tecens  1 - 4  1 .031 

Uhu Scarus dubius 

Band snout S. p e r s p i c i l l a t u s  1 - 1 8  14 .607  

S. sordidus  - 4  - 6 1 .648 

Kihikih i  Zanclus canescens 1 6 - 5  1 2 . 4 4 0  

Pakuikui Acanthurus a c h i l l e s  2 - 6  1 .372 

Mai ko A.  n i g r o r i s  5 - 4  1 .218 

Naenae A.  ol ivaceus  . ;  - 10 1' .68d 

Palani  A. dussumieri  1 - 1 2  / 1.261 t 

. Pualu h .  xanthopterus 2 - 4  

Kole Ctenochaetus s t r i g o s u s  194 - 4 , 

1 7.322 Yellow manini Zebrasoma f lavescens  130 - 4 

Kala Naso l i t u ' r a t u s  8 - 6  1 1.745 
i 

KO l e  Ctenochaetus hawai i jnens is  1 - 4 1 .060 

, . Humuhumu Bal i s  t e s  burs a  1 1.446 1 3 - 5  , 
. . O i l i  uwiwi 

. . 
1 .  



TABLE 30 . Fish  s p e c i e s , ,  number, l ength  and 
weight observed on t r a n s e c t  5 ,  13-VIII-68, 1600 t o  
1644 hours .  The t r a n s e c t  begins a t  depth  70 f e e t  
and ends a t  depth  20 f e e t .  Accounted f o r  a r e  34 
s p e c i e s  and 58.19 pounds of  f i s h  per  a c r e .  

No. f i s h  ji. 
COWON NAME SCIENTIFIC NAME 1. i n  inches  

Trumpet f i s h  

' . Spot weke 

. . 

~ ~ 1 0 s  tonus c h i n e n s i s  ' 2 . . -  6 ,026 

Mul lo id i ch thys  samoensis 2  - 8 0492 

, Nanu . 
I 

I 
Moano 

I 

P o t t e r ' s  . ange l  

Longnose b u t t e r f l y  

Orange s t r i ped  

P i l i k o a  

P i l i k o a  

White t a i l  

Black damsel 

- Blue 'darns,el 

Hina lea  l a u w i l i  

H ina l ea  l o l o  

* .  

Ohua 

Omaka 

POOU " . 

Parupeneus b i f a s c i a t u s  

- 6 !  * l o 8  
P. n ~ u l t i f a s c i a t u s  1 - 8" 1 - 6 1 a386 

. . 
Centropyge p o t t e r i  21  - 4 II ,, 1.492 

1 
F o r c i p i g e r  l o n g i r o s t r i s  11 - 4 1; ,331 

Chaetodon o rna t i s s imus  12  - 4' a891 

C. l u n u l a  
i 

C. m u l t i c i n c t u s  

~ a r a c i r r h i t e s  c i n c t u s  

P. f o r s t e r i  

Pomacentrus j e n k i n s i  
1 

9 - 4 1  ,541 ' 

. i 
Chromis l eucu rus  . . 61  - 3.1'1.944 

C. v e r a t e r  
I 

1 - 5 1; . I 2 1  
. . ! 

1 t 
! 

C. o v a l i s  . . 12  - . 3 - ~ ;  .272 

C o r i s  ka imardi  3 - 8 1 1  .676 
J .  ' 

Novaculichthys t aen iou rus  1 - 6 ' 1  m162 
. . 

S t e t h o j u l i s  a l b o v i t t a t a  
2 - 4,  1 . 0 ~ g  

Che i l i n u s  rhodochrous 
. . 6 - 6 1 . 7 2 6  

wnds  
? e r  a c r e  ' 



TABLE 30 (continued) 
. .. 

No. f i s h  Z 
COXXON NAME SCIENTIFIC NAME 1. i n  inches  

Uhu 

Band snout  

K ih ik ih i  

Maiko 

Maiko 

. Naenae 

Kole 

' ' Hawaiian kole  

. . Yellow manini 

. Kala 

Humu humu 

O i l i  & i w i  

Scarus dubius 15 - 6" 10 - 4 

S. p e r s p i c i l l a t u s  1 - 12 

Zanclus canescens 6 - 6 

Acanthurus n ig ro fuscus  5 - 4' 

A. n i g r o r i s  18 : 4' 

A. o l ivaceus  6 - 10 

Ctenochaetus s t r i g o s u s  166 - 4 

C.  hawaiianens is  1 - 4  

Zebrasoma f lavescens  89 - 4 

Naso l i t u r a t u s  2 - 8  

Ba l i s  t e s  bursa 15 - 5 

~e l icht 'hys v idua  1 - 4' 

Pervagor spilosoma 1 - 3 

Jeighr i n  Pounds 
L f o r  f i s h l  P e r  a c r e  

TABLE 31. F i sh  s p e c i e s ,  number, length  and 
weight  observed on t r a n s e c t  5 ,  30-X-68, 1040 t o  1101 
hours .  The t r a n s e c t  begins a t  depth 75 f e e t  and 
ends a t  depth 22 f e e t .  Accounted f o r  a r e  40 s p e c i e s  
and 162.71 pounds of f i s h  per  a c r e .  

CONMON NAME 
No. f i s h  Z 

SCIENTIFIC NAME 1 ,  I n  inches  
I 1 
1 
1 

- 
Trumpet f i s h  Aulos tomus chinens is  1 - 7  .021 1 .03 I 
U 'u  M y r i p r i s t i s  b e r n d t i  1 - 7 ' 1 , .261 1 .38 

Gurutsu Aphareus f u r c a t u s  1 - 7 1 ,206 1 .30 

Moano Parupeneur m u l t i f a s c i a t u s  16 - 6 / 1.832 / 2.66 

Mu Monotaxis grandocul i s  1 - 12 

P o t t e r ' s  Centropyge p o t t e r i  13 - 4 
ange l  

.968 

.924 

1.41 

1.34 



TAB7.E 3 1 (cont inued)  
- 

No. f i s h  2 
CONXON NANE SCIENTIFIC NAME 1. i n  i nches  

Longnose 
b u t t e r f l y  

Orange 
s t r i p e d  

. . P i  1 ikoa 

White t a i l  

Black 
dams e 1 

Blue damsel 

Hinalea 
l a u w i l i  

Bi rdf  i s h  

F o r c i p i g e r  l o n g i r o s t r i s  

Chaetodon o rna t i s s imus  

C. l unu la  

C. m u l t i c i n c t u s  

C. quadrimaculatus  

P a r a c i r r h i t e s  f o r s t e r i  

Abudefduf abdomina l i s  

Pomacentrus j e n k i n s i  

Chromis leucurus  

Chromis v e r a t e r  

C. o v a l i s  

Thalassoma dupe r r ey i  

Gomphosus v a r i u s  
(hina l e a  i ' iwi )  

Hinalea Cor i s  gaimardi  
l o  l o  

Labroides Labroides  phthirophagus 

Omaka S t e t h o j u l i s  a x i l l a r i s  

Poou ' Che i l i nus  rhodochrous 

Uhu Scarus  dubius  

Band snout  S. p e r s p i c i l l a t u s  

. S. so rd idus  

K i h i k i h i  . Zanclus canescens ' 8 - 4  

Je ighr  i r  
$. f o r  f i :  

-- 

.481 

2.005 

.47 1 

1.797 

.I22 

.358 

1.400 

.662 

4.397 

14.308 

.I13 

2.761 

. I43 

1.577 

.0%7 

.895 

4.053 

12.564 

15.940 

2.531 

.625 

'ounds 
Per  a c r e  



166 
TABLE 31  (cont inued)  

No. f i s h  2 !Weight i n  Pounds 

COPPION NAME SCIENTIFIC NAME 1. i n  i nches  i:', f o r  f i s h !  Pe r  a c r e  

-. - 
- Maiko Acanthurus n ig ro fuscus  33 - 4 

Ma iko  A.  n i g r o r i s  36 - 4 

Naenae - A. o l i vaceus  . 1 - 6  

P a l a n i  A .  dussumieri  

Kole 

Yellow 
rnanini 

S a i l f  i n  
t ang  

Kala 

Humuhumu 

Humuhumi - 
r n i m i  

Hurnuhumu - 
u l i  

Humuhumu - 
ele  ' e l e  

O i l i  uwiwi 

Ctenochaetus s t r i g o s u s  

Zebrasoma f l avescens  

2. vel i ferurn 

Naso l i t u r a t u s  

B a l i s t e s  bursa  

B. c a p i s t r a t u s  

Melichthys vidua 

M . buniva 

Pervagor spilosoma 

TABLE 32. F i s h  s p e c i e s ,  number, l eng th  and 
weight  observed on t r a n s e c t  5 ,  12-11-69, 1006 t o  1025 
hours .  The t r a n s e c t  beg ins  a t  dep th  75 f e e t  and 
ends a t  dep th  23 f e e t .  Accounted f o r  a r e  45  s p e c i e s  
and 121.56 pounds o f  f i s h  pe r  a c r e .  

I 

No. f i s h  2 
COlWON NAME SCIENTIFIC NAME 1. i n  i nches  

Puhi paka Gymno thorax  f  l a v i -  
marginatus  

U'u M y r i p r i s t i s  b e r n d t i  ' 

Ma l u  Parupeneus pleurost igma 

Moano P. m u l t i f a s c i a t u s  

Mu Monotaxis g r andocu l i s  



TABLE 32 (continued) 

No. fish 2 
COXNON NANE SCIENTIFIC NAME 1. in inches 

- . . 
- -. 

Potter's 
angel 

Longno se 
butterfly 

Orange 
striped 

Pilikoa 

Maomao 

Aloiloi 

White tail 

Black 
dams e 1 

Blue 
damsel 

Hina lea 
lauwili 

Bird fish 

. . .. 

Centropyge pot teri 

Forcipiger longirostris 

Chaetodon ornatissimus 

C. multicinctus 

C. unimaculatus 

C. lunula 

Paracirrhites forsteri 

Abudefduf abdominalis 

Pomacentrus jenkinsi' 

Dascyllus albisella 

Chromis leucurus 

C. verater 

C. ovalis 

Thalassoma duperreyi 

Gomphosus varius 
(hina lea i ' iwi) ' 

Hina lea Coris gaimardi 
lo lo 

Hilu C. flavovittata 

Labroides Labroides phthirophagus 

Poou 

Uhu 

Band snout 

Sleeping 
uhu 

Novaculichthys taeniourus 1 - 6 
Stethojulis axillaris 1 - 5  

Cheilinus rhodochrous 2 - 13 
Scarus dubius 27 - 7 
S. perspicillatus 2 - 14 
S. sordidus 1 5 - 7 .  

17 - 10 
Calotomus sandvicensis 6 - 6 

[eight in Pounds 
; for fish1 per acre . 



TABLE 32 (continued) 

NO. fish ji 
CONNON NAME SCIENTIFIC NAME 1. in inches 

Kihikihi Zanclus canescens 22 - 5 
White -banded Acanthurus leucopareius 

ma iko 
Ma iko 

Naenae ' 

Man in i 

Pua lu 

Kole 

Yellow 
rnanini 

Ka la 

Ka la 

Humuhumu 

Humuhumu - 
uli 

Nenue 

A. nigroris 

A. olivaceus 

A. sandvicensis 

A. xanthopterus 

A. rnata 

Ctenochaetus strigosue 

Zebrasoma flavescens 

Naso hexacanthus 

N. lituratus 

Balistes bursa 

Melichthys vidua 

Xanthichthys ringens 

Kyphosus cinerescens 

Jeight in 
for fisl 

ounds 
Per acre 



TABLE 33. Fish species, number, length and 
weight observed on transect 6, 5-VI-68, 1112 to 1137 
hours. The transect begins at depth 30 feet and 
ends at depth 25 feet. Accounted for are 48 species 
and 275.55 pounds of fish per acre. - 

No. fish 2 
COPINON NAME SCIENTIFIC NAME 1. in inches 

U'u- Myripristis berndti 34 - 5 
10 - 4' 

Red weke . Mulloidichthys auriflamma 1 - 6 
Manu 

Moano 

Moana kea 

Potter's 
angel 

Longnose 
butterfly 
Blue stripe 

Orange 
striped 

Ma oma o 

Yellow eye 
dams e 1 

Aloiloi 

White tail 

Blue damsel 

Hina lea 
lauwili 

Hina lea 
luahine 

Parupeneus bifasciatus 1 - 6  

P. multifasciatus .3:8 , 1-6 , 3-5 
2 -4 

P. chryserydros 1 - 7  

Monotaxis grandoculis 2 - 8  

Centropyge potteri 7 - 4 , 3 - 5 
Forcipiger longirostris 2-5 , 22-4 

Chaetodon fremblii 3 - 4  

C. ornatissimus 3-3 , 20-5 , 21-4 

C. lunula 2 - 5  

C. quadrimaculatus 3 - 5  

C. multicinctus 1 1 - 4 ,  5 - 6  

Abudefduf abdominalis 25 - 5 
Pomacentrus jenkinsi 7 - 3 , 10 - 5 

Dascyllus albisella 1 - 3 , 5 - 4 
Chromis leucurus 67 - 3 
Chromis ovalis 7-4 , 5-3 , 1-5 

Thalassoma duperreyi 23-5 , 24-4 
14-6 , 10-7 

T. ballieui 4 - 6 

Jeight in Pounds 
k for fishJPer acre 



TABLE 33 (continued) 
170 

No. fish ji height in Pounds 
C0M;"ION NAME SCIENTIFIC NAME 1. in inches for fish: Per acre 

Bird fish Gomphosus varius 1 - 4  

Opule Anampses cuvieri 2 - 5  

Labroides Labroides phthirophagus 1 - 3  

Novaculichthys taeniourus 1 - 5 
Omaka Stethojulis axillaris . 2 - .3 
Poou Cheilinus rhodochrous 1 - 6  

Pseudocheilinus octotaenia 1 - 4 
Uhu Scarus dubius 2 - 3 
Band snout S. perspicillatus 1 - 18 
Kihikihi Zanclus canescens 12 - 5 
Pakuikui Acanthurus achilles 4-3 , 1 - 6 
White-banded A. leucopareius 

ma iko 
Ma iko 

Naenae 

Manini 

Palani 

Pua lu 

Yellow 
manini 

Ka la 

Ka la 

Black kole 

Sail fin 
tang 

A. nigroris 13 - 4 
A. olivaceus 3-6 , 3-4 , 6 - 5 
A. sandvicensis 3 - 3  

A. dussurnieri 4 - 6  

A. xanthopterus 1 - 8 , 6 - 6  

Ctenochaetus strigosus 142 - 4 
25 - 3 

Zebrasoma flavescens 189 - 4 
Naso unicornis 16 - 18 , 6 - 12 

1 - 6  

N. lituratus 25-12 , 36-4 , 23-8 
Ctenochaetus hawaiiensis 1 - 6 
Zebrasoma veliferum 3 - 8  



TABLE 33 (continued) 17 1 

cornox NAME 
No. fish 2 height in Pounds 

SCIENTIFIC NAME ' . 1. in inches. t for fish; Per acre 

H m u  humu Balistes bursa 

Humuhumu- Melichthys buniva 3 - 6 , 3 - 4 .924 1.34 
ele 'ele 

Oili uwiwi Pervagor spilosoma 5 - 4  .243 .35 

Moa Ostracion lentiginosus 2 - 2  - - - .. 
Keke Arothron hispidus , 1 - .12 1.585 ' 2.30 

TABLE 34. Fish species, number, length and 
weight observed on transect 6, 14-VIII-68, 0950 to 
1023 hours. The transect begins at depth 20 feet 
and ends at depth 18 feet. Accounted for are 57 
species and 273.93 pounds of fish per acre. 

No. fish 2 Weight in Pounds 
CONXON NAME SCIENTIFIC NAME 1. in inches 'k for fish1 Per acre 

-4- 

, . Trumpet fish 

Alaihi 

U'u 

Kahala 

Red weke 

Malu 

Moano 

Moano .kea 

Mu 

Potter's angel 

Longnose butterfly 

' Blue stripe 

Orange striped 

Aulostonus chinensis 

Holocentrus xktherythrus 1. - .  4 1 .039 

Myripristis berndti 1 7 - 6  2.791 

6eriola dumerilii 1 - 1 2  1.037 

Monotaxis grandoculis 1 - 6' 1 .I21 

Mulloidichthys auri.f lammai5 - 5 ' 
Parupeneus pleurostigma 1 - 5 

P'. multifasciatus 10 - 7" 2 - 12 
8 .  

, I 

P. chryserydros . 4 - 6 -  

Forcipiger longirostris 35 - 5' 2.056 

Chaetodon fremblii 3 - 5 '  1 .356 

.825 

.056 

3.650 

.458 



TABLE 34 (continued) 17 2 

No. f i s h  2 height i n  Pounds 
COmON NAME SC.IENTIFIC NAME 1. i n  inches  I t  f o r  f i s h  Per  a c r e  

:. . 
. . 

C. quadrimaculatus ' , . ' . 110. . . 
- 5" 

. , . I '  . . 
I .  _ ' , I  ' . 

. .  , .. 

'C. m u l t i n c i n c t u s  , 2 7  - .4' 

~ e m i t a u ; i c h t . h ~ s  z o s t e r  1 - 4 

P a r a c i r r h i t e s  c i n c t u s  . 1 - 6  P i 1  ikoa . . 8 .  

P i  1 ikoa 

P i l i k c a  

P. f o r s t e r i  2 - 5-  

P. a r c a t u s  - . 4 - 6' 

C i r r h i t u s  a l t e r n a t u s  1 - 6'  

Pomacentrus j e n k i n s i  41 - 5 

A l o i l o i  Dascyl lus  a l b i s e l l a  30  - 5 .  

White t a i l  

Black damsel 

Chromis leucurus  " 65 - 3 

C. v e r a t e r  133 - 5 

C. o v a l i s  5 4 - 5 1  Blue damsel 

Thalassoma duper rey i  
1 

. . 
89 - 5 i '  5.340 

. .. . 
Hinalea la i rwi l i  

B i r d f i s h  ( h i n a l e a  i ' iwi )  

Labroides 

Gomphosus y a r i u s  

I Labroides phthirophagus 8 - $ .097 
1 

Ohu a 

Uhu 

Band snout  

Limu t e e t h  

i 
S t e t h o j u l i s  a l b o v i t t a t a  

6 - / .405 

Scarus  .dubius 

S. p e r s p i c i l l a t u s  

~ c a r o p s  jo rdan i  1 1.296 

"')' ,175 Calotomus sandv icens i s  1 - 6 . . Sleeping  .uhu 

K i h i k i h i  ' Zanclus canescens 14  - 4 1 1.093 

Surf  maiko Acanthurus g u t t a t u s  21 - 6 ' 7.830 
1 - 121 

Paku i ku i A. a c h i l l e s  



TABLE 34 (continued) 17 3 

No. f i s h  % e i g h t  i n  Pounds 
COiQION NAME SCIENTIFIC NAME 1. i n  inches  f o r  f  i s h j  p e r  a c r e  

I 
White-banded maiko A. leucopare ius  32 - 7 / 8.561 112.43 

Maiko A. n igrofuscus  . 1 - 6 1 .I40 1 .20 

Maiko A. n i g r o r i s  7 - 4 i 1. .305 1 .44 
! 

. Naenae 
' . I 

\ 
. . 

. . 
Acanthurbs o l ivaceus  3 - 7 .  -700 1.02 

. . 
Manini A; sandv ic ;?ns i s  . '  ' . ' 9  . - 5 -  

. . ' 1  -945 1, '1.37 
. Pa lan i  A. dussumieri  

Pualu A. mata 

Kala ~ a s o  hexacanthus . . 

. . 
' .203 :, 3 - 5 /  

. , .  
1 ,  

. . 

4 ,  - 
, . . , Kala N; u n i c o r n i s  

1 
I / 

4 ' .  1 -.IS: 2.160 

I KO l e  
I . . Ctenochaetug s t r i g o s u s  154 - .4' 9;265 

. . . . . . . . . . . . . 
. '  Knla . . .  

i 
.. . N. l i t u r a t u s  ! 5 -  10' 9.721 (14.12 
. , 

. :. 
. . 37 - 5'; 

I i EIumuhumu Ba l i s  t e s  bu r sa  
. . 

3 - 6 .577 
. .  . 

' 1  -84 
. . 

Numuhurni-mimi B. c a p i s  t r a t u s  1 .  
. , , . ,  . . 1. - 61 .214 .3 1 

. . . .  .. 
. .  . Humuhumu-uli .Melichrhys v idua  . , - 1 1 . 9 0 1  

13.45 

Humuhurnu-ele ' e l e  M. . buniva 17 - 5 1  2.338 1 3.40 

O i l i  uwiwi Pervagor spilosoma .571 1 .83 

. . ' Hawaiian ko le :  ' C. hawaiianens is 1 - 5  .118 .17 
. . , . 
. , Yellow manini Zebrasoma f l avescens  . 186 -. 6 '  35.355 151.34 



TABLE 35. Fish species, number, length and 
weight observed on transect:6:,.39-X-68, 1625 to 1650 
hours.  he transect begins at-depth 20 feet and 
ends at depth 18 feet. Accounted for are 69 species 
and 603.07 pounds of fish per acre. 

Lizard fish Synodous variegatus 1 - 5  

No. fish 5 
CONMON NAME SCIENTIFIC NAME 1. in inches 

Trumpet . Aulostomus chinensis 2 - 16, 
fish ' 

Alaihi Holocentrus xantherythrus 4 - 5 

Weight in Pounds 
L for fish1,~er acre 

U'u Myripristis berndti 30 - 5 
M. multiradiatus ' 1 - 5  

Introduced Cephalopholis argus 1 - 10 
Ro i . . . 

Upapa lu Apogon snyderi 1.- 4 

; Omilu Caranx melampygus 5 h - 10 

Uku Aprion virescens 1 - -  10 
Gurut su Aphareus fircatus 1. - -  10 
Spot weke Mulloidichthys samoensis 1 - 7 

, Red weke M. auriflamma 9 - 6  

Manu Parupeneus bifasciatus 12 - 8 
. Moano P. multifasciatus 33 - 7 

Moana kea P. chryserydros 1 - 6 
Mu Monotaxis grandoculis 4- - .  7' 

6. - .  12: 

Potter's Centropyge potteri 39 - 4 
angel 

Longnose Forcipiger longirostris 83 --5. 
butterf ly 
Blue stripe Chaetodon fremblii 33. - .  4- 

Orange C. ornatissimus 19 - 6 
striped 

C. Iunula 7. --6 



TABLE 35 (continued) 

No. f i s h  2 
. COHHON NAME SCIENTIFIC NAME 1. i n  inches  

C.  m u l t i c i n c t u s  . 70 - 4 

C. quadrimaculatus 22 - 4 

P i l i k o a  ' 

P i  1 ikoa 

P i l i k o a  

Maomao 

Kup i p i  

A l o i l o i  

P a r a c i r r h i t e s  c i n c t u s  

P. f o r s t e r i  

P. a r c a t u s  

Abudefduf abdominal is  

A .  sord idus  

Pomacentrus j enk ins i  

Dascyl lus  a l b i s e l l a  

Chromis d imid ia tus  

White t a i l  c'. leucurus  100 - 4 

Black C .  v e r a t e r  
damsel 

Blue C. o v a l i s  
dams e 1 

Hinalea Thalassoma dupe r rey i  
l a u w i l i  

Hina l e a  T. b a l l i e u i  
. l auh ine  

B i r d f i s h  Gomphosus v a r i u s  
(h ina l ea  i ' iwi )  

Hinalea . ,  Coris  gaimardi 
l o  l o  

Opule Anampses c u v i e r i  

. . 
A .  rubrocaudatus 1 - 3  

Labroides Labroides phthirophagus , 1 - 4 

Poou Chei l inus  rhodochrous . 1 - 8 

Uhu Scarus dubius 

Band snout.  S. p e r s p i c i l l a t u s  2 - 18 

) e i g h t  i n  Pounds 
I f o r  f i s h ;  Pe r  a c r e  

I 



TABLE 35 (continued) 

No. fish Z 
COMMON NAME SCIENTIFIC NAME 1. in inches 

S. sordidus 

Kihikihi Zanclus canescens 

Surf maiko Acanthurus guttatus 

Pakuikui 'A. achilles 

White-banded. A. leucopareius 
ma iko 

Ma iko 

; Ma iko 

Naenae 

Manini 

Palani 

Pua lu 

Pua lu 

KO le 

Yellow 
manini 

Sailf in 
tang 

Ka la 

Humuhumu 

Humuhumi- 
m imi 

Humuhurnu - 
ele 'ele 

Oili uwiwi 

Moa 

A. nigrofuscus 

A. nigroris 

A. olivaceus 

A. sandvicensis ' 

A. dussumieri 

A. xanthopterus 

A. mata 

Ctenochaetus strigosus 

Zebrasoma flavescens 

Z. veliferum 

Naso hexacanthus 

Naso unicornis 

N. lituratus 

Balistes bursa 

B. capistratus 

Melichthys buniva 

Pervagor spilosoma 

Ostracion lentiginosus 

Reigh t in Pounds 
C for fisHi Per acre 



TABLE 35 (continued) 177 

\ 

No. fish jZ. height in Pounds 
COMMON NAME SCIENTIFIC NAME 1. in inches L for fish1 Per acre 

B lenny Cirripectus obscurus 1 - 4 ;  

TABLE 36. Fish species, number, length and 
weight observed on transect 6, 13-11-69, 11'17 to 1140 
hours. The transect begins at .depth 25 feet .and ' . 

ends at depth 20 feet. Accounted for are 54 species 

Iso hawaiiensis 2,000,000 - 1 

and 599.41- pounds of fish per acre. 
- -- - - 

No. fish ji 
COMMON NAME SCIENTIFIC NAME 1. in inches , 

20.00 

-. 

Trumpet Aulostomus chinensis 
fish 

Holocentrus scythrops 

29.04 

U'u Myripristis berndti 

Gurut su Aphareus furca tus 

Red weke Mulloidichthys auriflamma 

Ma lu Parupeneus pleurostigma 

Moano P. multifasciatus 

Mu Monotaxis grandoculis 

. ,  
Potter's Centropyge potteri 
angel 

Longnose Forcipiger longirostris 
butter fly 
Blue stripe Chaetodon fremblii 

Orange C. ornatissimus 
striped 

C. multicinctus 

C. unimaculatus 

C. lunula 

C. quadrimaculatus 

deight ir 
$. for f i ~  

?ound s 
Per acre 



TABLE 36 (cont inued)  17 8  

No. f i s h  ii h e i g h t  i n  Pounds 
COMMON NAME SCIENTIFIC NAME 1. i n  inches  j4 f o r  f i s h ]  Per  a c r e  

P i l i k o a  

Maomao 

A l o i l o i  

White t a i l  

Blue 
damse 1 

Hinalea 
l a u w i l i  

B i rd f  i s h  

P a r a c i r r h i t e s  c i n c t u s  

P. f o r s t e r i  

P. a r c a t u s  

Abudefduf abdominal is  

A. imparipennis  

Pomacentrus j enk ins  i 

Dascyl lus  a l b i s e l l a  

Chromis leucurus  

C .  o v a l i s  

Thalassoma d u p e r r e y i  

Gonlphosus v a r i u s  
(h ina l ea  i ' iwi)  - 

Hina l e a  Cor i s  gaimardi  18 - 5 
1010 

Labroides  Labroides  phthirophagus . 7 - 3 
-, . 

Novaculichthys t aen iou rus  1 - 4 

Uhu Scarus  dubius  33 - 7 

Band snou t  S. p e r s p i c i l l a t u s  2  - 14 
1 - 18 

S.  sord idus  18 - 8 

K i h i k i h i  Zanclus canescens 56 - 5 

Surf  maiko Acanthurus- g u t t a t u s  67 - 8  

Pakuikui  A. a c h i l l e s  29 - 8 

White-banded A. l eucopare ius  7 6  - 10 
ma i k s  I 

Maiko A. n igrofuscus  70 - 5 

A. n i g r o r i s  125 - 5 



TABLE 36 (continued) 

No. fish 2 
COMMON NAME: SCIENTIFIC NAME 1. in inches ' 

Naenae 

Manini 

Palani 

Pua lu 

Kole 

Yellow 
manini 

Sailfin 
tang 

Ka la 

Humuhumu 

Humuhumu - 
ele 'ele 

Moa 

Nenue 

Acanthurus olivaceus 

A. sandvicens is 

A. dussumieri 

A. mata 

'Ctenochaetus strigosus 

Zebrasoma flavescens 

Z. veliferum - - 

Naso hexacanthus 

N. unicornis 

N. lituratus 

/ 

Balistes bursa 

Melichthys buniva 

Xanthichthys ringens 

Ostracion lentiginosus 

Kyphosus cinerescens 

'eight in 
: for fisf 

2.332 

.315 

3.650 

1.969 

25.263 

25.300 

.go 1 

7.779 

47.807 

40.925 

3 .O76 

2.816 

.250 

. ,,* 

.758 

ounds 
Per acre 



TABLE 37.  F i s h  s p e c i e s ,  number, l eng th  and 
weight  observed on t r a n s e c t  7 ,  5-VI-68, 0940 t o  1017 
hours .  The t r a n s e c t  beg ins  a t  dep th  80 f e e t  and 
ends a t  dep th  20 f e e t .  Accounted f o r  a r e  47 s p e c i e s  
and 323.60 pollnds o f  f i s h  pe r  a c r e .  

No. f i s h  Z ,Weight i 
COMMON NAME SCIENTIFIC NAME 1. i n  i nches  -' A f o r  f i  

Upapalu 

Spot weke 

Red weke 

Kumu 

Moano 

Black-white 
ange l  

P o t t e r ' s  
ange l  

Longnose 
b u t t e r f l y  

Orange 
s t r i p e d  

P i l i k o a  

Yellow eye 
damse 1 

A l o i l o i  

White t a i l  

Black 
damse 1 

M y r i p r i s t i s  b e r n d t i  

 riac can thus c r u e n t a t u s  

Apogon s n y d e r i  

Mul lo id ich thys  samoensis 

M. a u r i f  lamma 

Parupeneus porphyreus 

P. m u l t i f a s c i a t u s  

Monotaxis g r andocu l i s  

Holacanthus a r cua  t u s  

Centropyge p o t t e r i  6-4 , 27 - 3 

F o r c i p i g e r  l o n g i r o s t r i s  60-4 , 10-5 

Chaetodon o rna t i s s imus  202 - 5 

C. m u l t i c i n c t u s  64 - 4 

P a r a c i r r h i t e s  f o r s t e r i  3 - 4  

Pomacentrus j e n k i n s i  33  - 3 

Dascyl lus  a l b i s e l l a  426 - 4 

Chromis l eucu rus  36 - 3 

C. v e r a t e r  5 - 4 ,  23 - 5  

Pounds 
Pe r  a c r e  

9.22 

.84 

.59 

.51 

16.36 

2.75 

3.96 

.42 

.41 

1.79 

3.47 

L2.53 

6.19 

.20 

1.22 

16.32 

1.67 

4.50 



TABLE 37 (cont inued)  181 

No. f i s h  ji )Weight i n  P 
COMMON NAME SCIENTIFIC NAME 1. i n  i nches  14 f o r  f i s h j  

Blue damsel C .  o v a l i s  1 8 6 - 3 , 3 - 4  
.. . 

Hina l e a  Thalassoma duper rey i  70 - 5 , 13 - 6 
l a u w i l i  

Hinalea . T. b a l l i e u i  . 9 - 6  
luahine  

Birdf  i s h  Gomphosus v a r i u s  4 '- 4 
(h ina lea  i ' iwi )  

H i  l u  Cor is  f l a v o v i t t a t a  . 2  - 6 

Opule Anainpses c u v i e r i  5 - 5  

Labroides Labroides phthirophagus 1 - 3  

Poou Che i l i nus  rhodochrous 13  - 6 

Pseudochei l inus o c t o t a e n i a  1 - 4 

Uhu Scarus  dubius ' 2 2  - 8 

Band snout  S .  p e r s p i c i l l a t u s  1-18 , 1 - 9 

S.  so rd idus  5 - 8  

K i h i k i h i  Zanclus canescens 10 - 4 

Pakuiku i Acanthurus a c h i l l e s  3-4 , 5 - 3 

'. white-banded A.  l eucopare ius  2 - 6  
maiko . 

Ma iko  

Naenae 

Manini 

Pa l an i  

Pua l u  

KO le  

Yellow 
manini 

Ka l a  

A .  n i g r o r i s  16 - 4 

A .  o l ivaceus  5 - 8 , l - 1 2  

A .  sandv icens i s  16 - 5 

A .  dussumieri  110 - 5 , 2 - 18 

A .  xanthopterus  3 - 4  

Ctenochaetus s t r i g o s u s  269 - 4 

Zebrusoma f lavescens  258 - 4 
6 - 9  

Naso hexacanthus ' 3 - ' 4  , 4 - 10 
'100 - 6 

ounds 
Pe r  a c r e  



TABLE 37 (cont inued)  
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COMMON NAME 
No. f i s h  jZ Weight i n  Pounds 

SCIENTIFIC NAME 1. i n  inches  Ik f o r  f i s h ;  Pe r  a c r e .  

- 
No. f i s h  G 

COPIMON NAME SCIENTIFIC NAME 1. i n  i nches  

Ka l a  Naso l i t u r a t u s  4 - 10 1 4.04 1 5.87 

Humuhumu B a l i s t e s  bursa  5-8 , 13-4 , 4-6 i 3.787 5.50 i -w =- 

Synodous v a r i e g a t u s  1 - 1 2  

1 1.177 

Puhi paka Gymnothorax f l av imarg ina tus  1 - 24 
. - 

1.71 

Trumpet. f i s h  Aulostomus c h i n e n s i s  1-6", 3-12 
2- 24 

A l a i h i  mama Holotrachys l ima 

C 

M y r i p r i s t i s  b e r n d t i  

. Upapalu- . . . Apogon s  nyder i 

J 
0 
3 
K 

18.17 clr 

r 0 
c? x .33 z q  
9 ss - - C 

5 
C 

t 

Humuhumu- Melichthys v idua  5 - 4 , 6 - 5 

Spot weke Mul lo id ich thys  samoensig 

Malu Parupeneus p leuros  t igma 

7 
TABLE 38. F ish  s p e c i e s ,  number, l eng th  and a9 

weight observed on t r a n s e c t  7 ,  12-VIII-68, 1700 t o  
1725 hours .  The t r a n s e c t  begins  a t  depth 60 f e e t  
and ends a t  depth  20 f e e t .  Accounted f o r  a r e  49 

- - s p e c i e s  and 138.03 pounds of  f i s h  per  a c r e .  

u l i  
Hwnuhumu- M. buniva 3 4 - 6 , 6 3 - 4  

e l e  ' e l e  
Sharp nose Canth igas te r  r i v u l a t u s  . 1 - . 6  

p u f f e r  
B 1 enny BLENNIDAE 1 - 6  

Kumu P. porphyreus 

Manu P. b i f a s c i a t u s  

Moano P. m u l t i f a s c i a t u s  1-8" 

12.513 

.229 

- - 

P o t t e r ' s  angel  Centropyge p o t t e r i  

! 

bngnos .e  b u t t e r f l y  r o r d i p i g e r  l o n g i r o s t r i s  

Weight i n  Pounds 
f o r  f i s K  Pe r  a c r e  



TABLE 3 8 (continued) 183 
I 

No. f i s h  Z !weight i n  
COMMON NAME SCIENTIFIC NAME 1. i n  inchea f o r  f ia l  

Orange s t r i p e d  

. P i l i k o a  - .  
. , . . 

. . . 

A l o i l o i .  

White t a i l  

  lack damsel 

Blue damsel : ' 

II inalea l a u w i l i  

B i r d f i s h  (h ina le  

Hinalea l o l o  

Opule 

:a i ' i w i )  

Ohua 

Poou . . 

Uhu 

Kihi  k i h i  

Pakuikui  

Whi te-banded maikc 

Maiko . 
Maiko 

Chaetodon o rna t i s s imus  

C ,  l unu la  

C. m u l t i c i n c r u s  

P a r a c i r r h i f  e s  a r c a t u s  

Pomacentrus j enk ins  i 

Dascyl l u s  a l b i s e l l a  

Chromis l eucurus  

C. v e r a t e r  

C. o v a l i s  

Thalassona dupe r rey i  

Gomph'osus v a r i u s  

Cor is  gaimardi 

Anamps e s cuv i e  r i 

A. rubrocaudatus 

Novacul ic l~ thys  t aen ioufus  6 1 - 2 

S t e t h o j u l i s  a l b o v i t t a t a  1 - 5  

S. a x i l l a r i s  2 - 4  

Che i l inus  b imacula tus  5 - 6  

Scarus dubius 5 - 8  

Zanclus canesccns 9 - 4  

Acanthurus a c h i l l e s  3 - 5  

A, leucopare  i u s  3 - 6  

A ,  n ig ro fus  cus 4 0 - 4  

A. n i g r o r i s  5 - 4:  

ound s  
Per  a c r e  



TABLE 38 (cont inued)  
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I 

No. f i s h  ii 
COMMON NAME SCIENTIFIC NAME 1. i n  i n c h e s  

- ' -  
- 

A .  d u s s u n i e r i  P a l a n i  ' 3 - 6 ' .  .47 3 

KO l e  Ctenochaetus  s t r i g o s u s  107 - 4 6.437 

Hawaiian ko l e  C. hava i i anens  i a  
3 - 4 ' /  

. I81  

Ye1 low manin i  Zebrasoma f l a v e s c e n s  191  - 4 f 10.757 I 
Kala Naso hexacanthus . 15 - 61 1.750 

I 

Kala N. l i t u r a t u s  
1 6 - 6 ,  1.309 

Humuhumu Bal is tes b u r s  a 

Humuhwnu-ele'ele Mel ich thys  buniva 13-8" 26 - 5 , 10.897 

Xanth ich thys  r i ngens  1 - 5 1  . I25 

O i l i  uwiwi Pervagor  spi losoma 4 - 3 1 .082 i 

Spo t t ed  p u f f e r  Canth igas  t c r  j a c t a t o r  

TABLE 39 .  F i sh  s p e c i e s ,  number, l e n g t h  and 
weight observed on t r a n s e c t  7 ,  31-X-68, 1023 t o  1045 
hours .  The t r a n s e c t  beg ins  a t  dep th  65 f e e t  and 
ends a t  dep th  20 f e e t .  Accounted f o r  a r e  49 s p e c i e s  
and 306.16' pounds o f  f i s h  per  a c r e .  

No, f i s h  2 
COMMON NAME SCIENTIFIC NAME 1. i n  i n c h e s  

-- -- 
Cornet F i sh  F i s t u l a r i a  pstimba 1 - 12 

Trumpet Aulostomus c h i n e n s i s  7  ,- 20 
f i s h  

A l a i h i  Holocentrus  xan the ry th rus  1 - 4 

Holo t rachys  l ima 1 - 14 

U'u M y r i p r i s t i s  b e r n d t i  55 - 6 

Upapalu . Apogon s n y d e r i  1 - 4  

Spot  weke Mul lo id ich thys  samoensis 475 - 6 

l e i g h t  i n  Pounds 
L f o r  f i s h l  P e r  a c r e  



TABLE 39 (continued) 185 

COMMON NAME 
No, f i s h  jZ. Le igh  t i n  Pounds 

SCIENTIFIC NAME' 1. i n  inches  ' A  f o r  f i s h l P e r  a c r e  

Red weke M. auriflamma 

Kumu Parupeneus porphyreus 

Manu . P. b i f a s c i a t u s  

Moano P. m u l t i f a s c i a t u s  

Mu . Monotaxis g randocu l i s  

P o t t e r ' s  Centropyge p o t t e r i  
' ange l  

Longnose Forc ip ige r  l o n g i r o s t r i s  
b u t t e r f l y  

Blue s t r i p e  Chaetodon f r e m b l i i  

Orange C .  o rna t i s s imus  
s t r i p e d  

Puka Chaetodon m i l i a r i s  

C.  t r i f a s c i a t u s  

C. lunula  

C. m u l t i c i n c t u s  

P i  1 ikoa P a r a c i r r h i t e s  f o r s t e r i  

Pomacentrus jenkins  i 

A l o i l o i  Dascyl lus  a l b i s e l l a  

White t a i l  Chromis l eucu rus  

Black C. v e r a t e r  
damse 1 

Blue damsel C.  o v a l i s  

Hina l e a  Thalassoma dupe r rey i  
l a u w i l i  

Bi rdf  i s h  Gomphosus v a r i u s  
(h ina l ea  i ' iwi )  

Hina l e a  Cor is  gaimardi 
lo10 

Anampses rubrocaudatus 

Labroides Labroides phthirophagus 



TABLE 39 (cont inued)  

No. f i s h  Z 
COMMON NAME SCIENTIFlC NAME 1. i n  inches  

Poou Che i l i nus  rhodochrous 
, 

Uhu Scarus  dubius 

Band snout  S. p e r s p i c i l l a t u s  

Sleeping 
uhu 

Kih ik ih i  

Ma iko 

Ma iko  

Pua l u  

Yellow 
manini 

S a i l f i n  
t ang  

Ka l a .  

Hmuhumu 

Hurnuhumu - 
e l e ' e l e  

O i l i  uwiwi 

Calotomus sandv icens i s  

Zanclus canescens 

Acanthurus n igrofuscus  

A .  n i g r o r i s  

A .  mata 

Acanthurus thompsoni 

Ctenochaetus s t r i g o s u s  

Zebrasoma f l avescens  . 

Z.  ve l i f e rum 

Naso l i t u r a t u s  

B a l i s t e s  bursa 

Melichthys buniva 

Xanthichthys r ingens  

Pervagor spilosorna 

F a i r y  shrimp Stenopus h i sp idus  

e i g h t  i n  
. f o r  £ i s '  

'ound s 
Per  a c r e  
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TABLE 40. F i sh  s p e c i e s ,  number, l eng th  and 
weight  observed on t r a n s e c t  7 ,  11-11-69, 0840 t o  0915 
hours .  The t r a n s e c t  begins  a t  depth  65 f e e t  and 
ends a t  depth 20 f e e t .  Accounted f o r  a r e  5 1  s p e c i e s  
and 388.24 pounds of  f i s h  pe r  a c r e .  

No. f i s h  P 'weight i n  Pounds 
CONMON NAME SCIENTIFIC NAME 1. i n  inches  ',L f o r  f i s h '  Per  a c r e .  

Trumpet 
f i s h  

A l a i h i  . 

u ' u  

Ope l u  

Spot weke 

Red weke 

Kumu 

Moano 

Mu 

P o t t e r ' s  
ange 1 

Longnose 
b u t t e r f l y  

Orange 
s t r i p e d  

P i  1 ikoa 

White t a i l  

Aulostomus c h i n e n s i s  5 - 12 

Holocentrus xan the ry th rus  6 - 4 

M y r i p r i s t i s  b e r n d t i  

Decapterus p innu la tus  

Mulloidichthys samoensis 

M. auriflamma 

Parupeneus porphyreus 

P. m u l t i f a s c l a t u s  

Monotaxis g randocu l i s  

Centropyge p o t t e r i  

Fo rc ip ige r  l o n g i r o s t r i s  

Chaetodon o rna t i s s imus  

C. m u l t i c i n c t u s  

C. lunula  

C. quadrimaculatus  

P a r a c i r r h i t e s  f o r s t e r i  

P. a r c a t u s  

C i r r h i t o i d e s  bimacula 

Pomacentrus j e n k i n s i  

Dascyl lus  a l b i s e l l a  

Chromis leucurus  



TABLE 40 (cont inued)  188 

COMMON NAME 
No. f i s h  % :weight i n  Pounds 

SCIENTIFIC NAMX 1. i n  i nches  g f o r  f i s h l ~ e r  a c r e  

... 

Black C.  v e r a t e r  
damse 1 

Blue damsel C.  o v a l i s  

Hina l e a  Thalassoma dupe r r ey i  
l a u w i l i  

Hina l e a  T.  b a l l i e u i  
l auh ine  

Birdf  i s h  Gomphosus v a r i u s  
(h ina l ea  i ' i w i )  

Hina l e a  Cor i s  gaimardi  
lo10 

Labroides  Labroides  ph th i rophagus  

Novaculichthys t aen iou rus  

Poou Che i l i nus  rhodochrous 

Uhu Scarus  dubius  

Band snout  S. p e r s p i c i l l a t u s  

K i h i k i h i  Zanclus canescens 

Pakuikui  Acanthurus a c h i l l e s  

White-banded A .  l eucopare ius  
ma i k o  

Ma iko  A .  n ig ro fuscus  

A .  n i g r o r i s  

Naenae Acanthurus o l i vaceus  

Pa l a n i  A .  dussumier i  

Pua l u  A .. xanthopt  e r u s  

Kole Ctenochaetus s t r i g o s u s  

Yellow Zebrasoma f  l avescens  
man i n  i 

S a i l f i n  Z .  ve l i f e rum 
t a n g  . . 



TABLE 40 (continued) 

No. fish ji. 
COMMON NANE SCIENTIFIC NAME 1. in inches 

Naso hexacanthus 

N. unicornis 

N. lituratus 

~urnuhknu , Balistes bursa 

,. Xanthichthys ringens 

Oili uwiwi, Pervagor spilosoma 
. - 

Nohu Scorpaenopsis cacopsis 

S. gibbosa 

/eight: in Pounds 
;- Per acre 



Chapter 13 

OTHER MARINE VERTEBRATES 
. . .  . . .  

A. Sharks.  

I n  October,  1968, a  shark  l i n e  was s t r e t c h e d  overn ight  a c r o s s  t h e  

mouth of Kealakekua Bay. The ca t ch  cons i s t ed  of  s i x  sharks ,  and t h e  

popula t ion  was es t imated  a s  moderate . .  Caught were two Caracharhinus 

m i l b e r t i ,  one - C.  ga lapagens is ,  one C .  l imbatus  and two Galeocerdo - 
c u v i e r i .  

Honaunau Bay i s  much smal le r  and only unusua l ly  a r e  sharks  

found wi th in  i t s  wa te r s .  They more o f t e n f r e q u e n t  t h e  exposed bays t o  

t h e  south ,  Alahaka and K i ' i l a e ,  and dur ing  t h e  p r e s e n t  survey were a l s o  

s p o r a d i c a l l y  observed o f f s h o r e  between Honaunau Bay and Alahaka Bay. 

Res idents  t e l l  of t imes when Honaunau Bay was used a s  a  dumping 

gound f o r  f i s h  market r e f u s e .  The dumping occurred each evening a t  

Kapuwa'i cove, and both sha rks  and ulua (Caranx spp . )  a r r i v e d  a s  i f  on 

s i g n a l ,  swimming t o  t h e  head of t he  bay up t h e  no r the rn  t rench .  

B. Porpoises .  

There i s  a  r e s i d e n t  school  of sp inner  porpoises  ( s t e n e l l a  s p . )  

i n  nearby, much l a r g e r  Kealakekua Bay. From 30 t o  80 members a r e  

v a r i o u s l y  es t imated ,  and t h e  animals a r e  q u i t e  tame. Passing considera-  

t i o n  has  been given t o  t r a i n i n g  the  school i n  t h e  wi ld  a s  a  t o u r i s t  

d i s p l a y  and f o r  use  i n  s c i e n t i f i c  research .  

FromJune t o  November, 1968, t h e  school  was i n v a r i a b l y  p re sen t  

i n  Kealakekua Bay b u t  du r ing  t h e  fol lowing February and March, were o f t e n  

absen t .  Fishermen c la im t h e  animals roam a  wide s e c t i o n  of Hawaii ' s  

Kona Coast ,  bu t  r a i s e  t h e i r  young always i n  Kealakekua Bay. 

On February 28, 1969, f i f t e e n  porpoises  were observed i n  

Honaunau Bay, a p p a r e n t l y  p lay ing  and chas ing  ope lu  schools .  The animals 

remained s e v e r a l  hours  i n  t h e  v i c i n i t y ,  and swam t o  t h e  very  head of t h e  

bay a long  t h e  nor th-shore  t rench .  Residents  s t a t e  they a r e  p a r t  of t h e  

Kaelakekua school ,  and t h a t  members commonly v i s i t  Honaunau Bay i n  t h e  

e a r l y  morning hours .  



. . .  

C. T u r t l e s .  

During t h e  p r e s e n t  su rvey ,  d i v e r s  r e p o r t e d  t u r t l e s  approx imate ly  

e v e r y  t h i r d  day,  s i n g l y  and i n  p a i r s .  During t h e  a f t e r n o o n s  t h e  t u r t l e s  
. . 

may f r e q u e n t l y  b e  s e e n  e a t i n g  seaweed ( i n  p a r t i c u l a r  - Ulva f a s c i a t a )  on 

t h e  s h a l l o w  r e e f  f l a t .  R e s i d e n t s  c l a i m  t h a t  d u r i n g  h igh  s e a s ,  groups  'of 

t e n  t o  15  t u r t l e s  a r e  o f t e n  p r e s e n t .  

D. Whales. 

A s m a l l  schoo l  of p i l o t  whales  was observed on March 8, 1969, 

swimming n o r t h  500 m o f f  Honaunau Bay. Fishermen c l a i m  they  a r e  common 

i n  w i n t e r  w i t h  t h e  o f f s h o r e  c u r r e n t  s o u t h e r l y  and s t r o n g ,  l e a v i n g  i n  

s p r i n g  a s  t h e  c u r r e n t  slows and t u r n s  nor thwes t .  



Chapte r  14 

VASCULAR PLANTS 

The s h o r e l i n e  v e g e t a t i o n  ( F i g .  33,  Tab le  41) i s  p redomina te ly  

x e r o p h y t i c  s c r u b  w i t h  some t r e e s .  I n  a n c i e n t  t imes  t h e  a r e a  above t h e  

p a r k  (Bryan,  1957) was l a r g e l y  b a r r e n  l a v a  w i t h  p i l i  g r a s s  (Heteropogon 

c o n t o r t u s )  common i n  s o i l  p o c k e t s .  T h i s  g r a s s  was w i d e l y  used f o r  

t h a t c h i n g  houses .  Near s h o r e l i n e s  grew shady g roves  o f  coconu t  (Cocos 

n u c i f e r a ) ,  h a l a  (Pandanus s p p . )  and kou (Cordia  s u b c o r d a t a ) .  S e v e r a l  

n a t i v e  m e d i c i n a l  p l a n t s  such  a s  non i  (Morinda c i t r i f o l i a )  p e r s i s t  h e r e  

today.  

The predominant  v e g e t a t i o n  t y p e  b o r d e r i n g  Alahaka Bay and t h e  

n o r t h  s h o r e  o f  Honaunau Bay today  i s  a  mixed opiuma-ekoa s c r u b  f o r e s t .  

It c o v e r s  most  of  t h e  f l a t  l a n d  between Napoopoo and Honaunau on o l d e r  

b u t  r e l a t i v e l y  unweathered l a v a  f lows  a t  e l e v a t i o n s  below 500 f e e t .  The 

v e g e t a t i o n  i s  dominated by l a r g e  sh rubs  o r  s m a l l  t r e e s  o f  opiuma (Pith- 
ece l lob ium d u l c c )  and ekoa (Leucaena l e u c o c e p h a l a ) .  Among t h e s e  grow 

s h r u b s  o f  l a n t a n a  (Lantana camara) ,  i l i m a  ( S i d a  s p . ) ,  Chr i s tmas  b e r r y  

(Schinus  t e r e b i n t h i f o l i u s )  and h i a l o a  ( W a l t h e r i a  i n d i c a ) .  Two v i n e s  which 

o c c u r  commonly h e r e  a r e  a  p a s s i o n  f l o w e r  ( P a s s i f l o r a  f o e t i d a )  and a  morn- 

i n g  g l o r y  (Ipomoea i n d i c a ) .  The sword f e r n  (Nephro lep i s  e x a l t a t a )  occurs  

i n  more open a r e a s ,  o c c a s i o n a l l y  c o v e r i n g  p a t c h e s  o f  l a v a  s e v e r a l  m e t e r s  

i n  d i a m e t e r .  Along r o a d s i d e s ,  where f i n e r  s o i l  p a r t i c l e s  have accumulated,  

o t h e r  s p e c i e s  occur  which a r e  n o t  common on  t h e  c o a r s e r  r o c k s .  These i n -  

c l u d e  r e d  top  g r a s s  (Rhynchelytrum r e p e n s )  and a i r  p l a n t  (Bryophyllum 

pinnatum).  

The a r e a  i n c l u d e s  many l a v a  f lows o f  d i f f e r e n t  t y p e s ,  ages  and 

d e g r e e s  of w e a t h e r i n g .  The h e i g h t  and v i g o r  o f  t h e  v e g e t a t i o n  v a r i e s  

from f low t o  f low. On c e r t a i n  f lows t h e  opiurna becomes a  t r e e  up t o  25 

f e e t  h i g h ,  on o t h e r  f lows  i t  i s  a  sh rub  n o t  more t h a n  10 f e e t  h i g h .  A t  

h i g h e r  e l e v a t i o n s  o t h e r  s p e c i e s  i n c l u d i n g  t r e e s  a p p e a r .  

The e x o t i c  v e g e t a t i o n  o f  t h e  mauka (mounta in)  s i d e  o f  t h e  p a r k  was 

removed i n  1962-1963. The g o a l  was r e s t o r a t i o n  o f  t h e  l a v a  l a n d s c a p e  i n  

i t s  o r i g i n a l  b a r r e n  appearance .  E r a d i c a t i o n  was by means o f  s o i l  



FIGURE 33. Vegetation zones on the  Kona s lope  

of  Mauna Loa. The zones a r e  descr ibed  on Table 41. 

Adapted from Ripperton and Hosaka, 1942. 



TABLE 41. V e g e t a t i o n  zones  on t h e  Kona s l o p e  o f  Mauna Loa. The d i s t r i b u t i o n s  

o f  t h e  zones  a r e  shown i n  F i g u r e  33. Adapted from R i p p e r t o n  and Hosaka, 1942. 

Zone E l e v a t i o n  a t  R a i n f a l l  N a t u r a l  R e p r e s e n t a t i v e  s p e c i e s  
Honaunau i n c h e s  cover  t y p e  o f  p l a n t s  

A  

B  

C - 1 ,  low 

C-2, h i g h  

D - 1 ,  low 

D-2, med. 

D-3, h i g h  

E-1, low 

E-2, med. 

E-3, h i g h  

Absent from t h e  
Kona s l o p e  

Sea t o  500 f e e t  

Absent from 
r e g i o n  

1000 t o  1600 

1600 t o  3400 

3400 t o  4800 

4800 t o  7000 

7000 t o  10,000 

Above 10,000 

20 o r  l e s s  

20 t o  40 

40 t o  60 

80 and o v e r  

80 t o  50 

50 and l e s s  

L e s s  t h a n  
40 i n c h e s  

Less  t h a n  
40 i n c h e s  

Xerophy t ic  s c r u b ,  
c o a s t a l  f r i n g e  

Xerophy t ic  s c r u b  
w i t h  some t r e e s  

Mixed open f o r e s t  
and s h r u b s  

Shrub and c l o s e d  
f o r e s t  

Closed f o r e s t  

Open f o r e s t  

Open f o r e s t  and 
s c r u b  

Upland open s c r u b  

No s e e d - b e a r i n g  
p l a n t s ;  l a r g e l y  
b a s e  l a v a  

Opiuma, kiawe, coconu t ,  
l a n t a n a ,  ekoa ,  weeds 

I n d i g o f e r a ,  l a n t a n a ,  
ekoa,  W a l t h e r i a ,  guava 

Ohia l e h u a ,  koa ,  h a l a ,  
kukui, ,  ,guava,  Boston, ,  f e r n  

Cibot ium and S a d l e r i a  f e r n s ,  
k u k u i ,  o h i a  l e h u a ,  koa 

Koa, Dryop t e r i s  f e r n s  

Koa, n a i o ,  mamani, pukeawe 

Mamani, n a i o ,  pukeawe 

Mosses and l i c h e n s ;  
o c c a s i o n a l  g r a s s ,  h e r b s ,  
f e r n s  



s t e r i l a n t  ("Karrnex" by Dupont) ,  and subsequen t  s p o t  b l a s t i n g  was c a r r i e d  

o u t  e v e r y  s i x  months u s i n g  2,4,5-T (Monsanto; 34.7 p e r  c e n t  i n e r t  i n g r e -  

d i e n t s ,  6 5 . 3  p e r  c e n t  i s o o c t y l  e s t e r  o f  2,4,5-trichlorophen-oxyacetic 

a c i d ) ,  a  hormonal h e r b i c i d e .  The ground was r e - s t e r i l i z e d  a n n u a l l y  u n t i l  

1965 a f t e r  which t ime  t h e  program was abandoned. The major  s o i l  s t e r i l -  

a n t  used f o r  r e - c l e a r i n g  was "Ametryne 80W" (20 p e r  c e n t  i n e r t  i n g r e d i -  

e n t s ,  80 p e r  c e n t  2-ethylamino-4-isopropylamine-6-methylthio-S-triazine) 

o f  Geigy . 
A t  t h e  p r e s e n t  t ime  weedy v e g e t a t i o n  a g a i n  dominates .  The a r e a  

i s  a n  ekoa.(Leucaena l e u c o c e p h a l a )  t h i c k e t  w i t h  s p e c i e s  i n  abundance 

t y p i c a l  o f  t h e  s u r r o u n d i n g ,  u n c l e a r e d  opiuma-ekoa s c r u b  f o r e s t .  The 

common p l a n t s  a r e  h i a l o a  ( W a l t h e r i a  i n d i c a ) ,  p a s s i o n  f lower  ( P a s s i f l o r a  

f o e t i d a ) , m o r n i n g  g l o r y  (Ipomoea i n d i c a ) ,  sword f e r n  (Nephro lep i s  

e x a l t a t a ) ,  ga rden  s p u r g e  (Euphorbia  h i r t a ) ,  Madagascar p e r i w i n k l e  

(Ca tha ran thus  r o s e u s )  and k l u  (Acacia  f a r n e s i a n a ) .  E x i s t l n g  non i  ( M z -  

i n d a  c i t r i f o l i a )  t r e e s  were  l e f t  unsprayed.  The g r a s s  p r e s e n t  i s  m o s t l y  - 
r e d  top  ( ~ h y n c h e l y t r u m  r e p e n s ) ,  a s  i n t r o d u c e d  f o r a g e  s p e c i e s .  

Mechanical  means o f  weed c o n t r o l  were b r i e f l y  a t t e m p t e d  i n  t h e  

C i t y  o f  Refuge c l e a r i n g  p r o j e c t .  S e c t i o n s  burned o f f ,  however, r e -  

s p r o u t e d  from n u t r i e n t  a s h e s  s o  v i g o r o u s l y  t h a t  chemical  s p r a y s  soon be- 

came t h e  s o l e  means o f  e r a d i c a t i o n .  P r e v i o u s l y  t h e  P a r k  S e r v i c e  h a s  

been (Doty, 1968) c a u t i o n e d  a g a i n s t  t h e  u s e  o f  h e r b i c i d e s .  The dangers  

o f  r e s i d u e  b u i l d u p s  i n  t h e  s o i l  and p a r t i c u l a r l y  t h e  p o s s i b i l i t y  o f  

r u n o f f  i n t o  Honaunau Bay where s i g n i f i c a n t  e c o l o g i c a l  changes  migh t  occur  

must  be c o n s i d e r e d .  I 

I n  t h e  p r e s e n t  s u r v e y ,  no q u a n t i t a t i v e  work was done i n  t r a c i n g  

p e r c o l a t i o n  p a t t e r n s  o f  s p r a y  r e s i d u e s  o r  i n  d e t e r m i n i n g  t h e  l e n g t h  o f  

t ime t h e s e  r e s i d u e s  remain  i n  t h e  s o i l .  I n  c a s u a l l y  h i k i n g  abou t  a  

h i l l s i d e  a r e a  l a s t  s p r a y e d  over  f o u r  y e a r s  ago,  weeds were o f t e n h o t e d  

growing c o m p e t i t i v e l y  i n  l a v a  p o c k e t s  n e x t  t o  open s o i l  p a t c h e s  t h a t  

were t o t a l l y  devoid  o f  p l a n t  l i f e .  

Some r e s t o r a t i o n  o f  n a t i v e  p l a n t s  a t  t h e  C i t y  o f  Refuge i s  b e i n g  

under taken ,  b u t  t h e  major  e f f o r t  i s  e n t i r e l y  c o n f i n e d  t o  coconu t  (Cocos 

n u c i f e r a )  t r e e s .  The o l d e s t  s t a n d  w i t h i n  t h e  p a r k  was p l a n t e d  i n  1904 

by Reverend P a r i s ,  and t h e s e  a t t r a c t i v e  o l d  coconu t s  p r e s e n t l y  add much 

t o  t h e  P o l y n e s i a n  s e t t i n g .  .However ,  many o f  t h e  t r e e s  a r e  now s e n e s c e n t  



and t h e i r  p resence  i s  a  hazard.  These a r e  b e i n g  r e p l a c e d  on an i n d i v i d -  

u a l  b a s i s  by v e r y  young specimens.  A d d i t i o n a l  and dense  s t a n d s  o f  coco- 

n u t s  were p l a n t e d  by t h e  Park S e r v i c e  i n  1961-1962 and i n  1964. 

R e s t o r a t i o n  o f  n a t i v e  s p e c i e s  o t h e r  t h a n  coconuts  h a s  never  been 

e x t e n s i v e .  Also,  s p o t  b l a s t i n g  w i t h  h e r b i c i d e s  has  r e s u l t e d  i n  some l o s s  

t o  n a t i v e  s p e c i e s .  A  group o f  kou t r e e s  (Cordia  subcorda ta )  by t h e  Great  

Wall was decimated by i n s e c t s  a f t e r  a l l  t h e  nearby weedy v e g e t a t i o n  had 

been removed, l e a v i n g  t h e  kou exposed.  

Some p i l i  g r a s s  (Heteropogon c o n t o r t u s )  h a s  been r e i n t r o d u c e d .  I n  

1962,  16  f a l s e  kamani t r e e s  (Termina1i.a - c a t a p p a )  were p l a n t e d  b u t  o n l y  a  

few remain  today .  F a l s e  kamani, however, i s  no t  n a t i v e .  The Park  S e r v i c e  

had i n t e n d e d  t o  p l a n t  t h e  n a t i v e  s p e c i e s ,  t r u e  kamani (Calophyllum 

inophyl lum) .  Ten f a n  palms were a l s o  p l a n t e d  i n  1962 b u t  none s u r v i v e d .  

S h o r e l i n e  t r e e s  a t  t h e  C i t y  o f  Refuge (Table 42, F i g .  34) i n c l u d e  

coconut  (Cocos n u c i f e r a ) ,  non i  (Morinda c i t r i f o l i a )  and one o r  two s p e c i -  

mens o f  h a l a  (Pandanus s p . )  and .kou  (Cord ia  s u b c o r d a t a ) .  The sedge  

F i m b r i s t y l i s  cymosa grows i n  p o c k e t s  i n  t h e  pahoehoe l a v a  c l o s e  t o . t h e  

s e a  and a n o t h e r  sedge ,  'ahu 'awa (Cyperus s p . ) ,  grows around t h e  b r a c k i s h  

p o o l s  n e a r  t h e  Great  Wall. These p l a n t s  a r e  n a t i v e  t o  Hawaii o r  were i n -  

t roduced  by t h e  P o l y n e s i a n s ,  and were undoubtedly  growing h e r e  d u r i n g  t h e  

p e r i o d  t h a t  t h e  C i t y  o f  Refuge was i n  o p e r a t i o n .  Also p l o t t e d  on F i g u r e  

34 a r e  t h e  abundant weeds which undergo p e r i o d i c  e r a d i c a t i o n .  The domin- 

a n t  g r a s s  i s  t h e  u b i q u i t o u s  Bermuda g r a s s  (Cynodon d a c t y l o n ) .  

By t h e  s h o r e l i n e  opiuma-ekoa t h i c k e t  a t  Alahaka Bay i s  a  handsome 

kou (Cordia  s u b c o r d a t a ) ,  some f a l s e  kamani (Termina l ia  c a t a p p a )  and sev-  

e r a l  kiawe ( P r o s o p i s  p a l l i d a )  and papaya t r e e s  ( C a r i c a  papaya) .  The dom- 

i n a t e  g r a s s  i s  a g a i n  Bermuda g r a s s  (Cynodon d a c t y l o n ) .  Also p r e s e n t  i s  

beach morning g l o r y  (Ipomoea p e s - c a p r a e )  and t h e  e x o t i c  s h r u b ,  m i k i  

p a l a o a  ( C a s s i a  o c c i d e n t a l i s ) .  

I t  i s  e s t i m a t e d  t h a t  much o f  t h e  o l d  v i l l a g e  o f  Honaunau was a l o n g  

t h e  n o r t h e r n  s h o r e  o f  Honaunau Bay, and w i t h i n  t h e  mixed opiuma-ekoa 

f o r e s t  p e r s i s t  s c a t t e r e d  remnants of  c u l t i v a t e d  p l a n t s .  These i n c l u d e  

n o n i  (Morinda c i t r i f o l i a ) ,  tamarind (Tamarindus i n d i c u s )  and b r e a d f r u i t  

(Ar tocarpus  a l t i l i s ) .  Opiuma i s  l a r g e l y  r e p l a c e d  h e r e  by kiawe. 



TABLE 42. S h o r e l i n e  v e g e t a t i o n  a t  Honaunau Bay. 

The symbols a r e  t h o s e  p l o t t e d  on F i g u r e  3 4 .  

Symbol S c i e n t i f i c  name Symbol S c i e n t i f i c  name 

A1 t e r n a n t h e r a  amoena 

Amaranthus s p i n o s u s  

Ar tocarpus  a l t i l i s  

Bidens c y n a p i i f o l i a  

B o u g a i n v i l l e a  s p e c t a b i l i s  

Breynia  n i v o s a  

Bryophyllurn p i n n a t u h  

Bryophyllum t u b i f l o r u m  

C a r i c a  papaya 

Ca tharan thus  r o s e u s  

Cenchrus e c h i n a t u s  

Chenopodium s p .  

C h l o r i s  b a r b a t a  

Coccoloba u v i f e r a  

Cocos n u c i f e r a  

Commelina b e n g h a l e n s i s  

Cordia  s u b c o r d a t a  

Cordy l ine  t e r m i n a l i s  

Cucumis d i p s a c e u s  

Cynodon d a c t y l o n  

Cyperus sp .  

E l e u s i n e  i n d i c a  

Ernil ia s o n c h i f o l i a  

E r a g r o s t i s  t e n e l l a  

E r y t h r i n a  s p .  

Euphorbia h i r t a  

F i m b r i s t y l i s  cymosa 

Gynandropsis gynandra 

Heteropogon c o n t o r t u s  

Hylocereus  undatus  

Ipomoea i n d i c a  

Ipomoea pes -caprae  

Lantana camara 

Leucaena l eucocepha la  

Momordica c h a r a n t i a  

Morinda c i t r i f o l i a  

Nephro lep i s  e x a l t a t a  

Opunt ia  magacantha 

Pandanus s p .  

Panicum maximum 

P a s s i f l o r a  f o e t i d a  

Pennisetum setaceum 

P i t h e c e l o b i u m  d u l c e  

P l u c h e a  o d o r a t a  

P l u m e r i a  a c u t i f o l i a  

P o r t u l a c a  o l e r a c e a  

P r o s o p i s  p a l l i d a  

R i v i  na humi 1 i s  

Samanea saman 

Sch inus  t e r e b i n t h i f o l i u s  

S e t a r i a  v e r t i c i l l a t a  

Tamarindus i n d i c u s  

Tephros ia  p u r p u r e a  

T h e s p e s i a  populnea 

W a l t h e r i a  i n d i c a  
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FIGURE 3 4 .  S h o r e l i n e  v e g e t a t i o n  a t  Honaunau Bay. 



I n  g e n e r a l ,  however,  i t  shou ld  be emphasized (Bryan,  1957) t h a t  

e x c e p t  i n  t h e  v i c i n i t y  o f  t h e  r e s t o r e d  C i t y  o f  Refuge i t s e l f  t h e  vege ta -  

t i o n  i n  t h i s  r e g i o n  i s  v e r y  monotonous, thorny  and i n t r o d u c e d .  Examples 

o f  p l a n t  l i f e  p r e s e n t  a t  t h e  t ime  o f  C a p t a i n  Cook (Tab le  43) c o n s i s t  o f  

b u t  i s o l a t e d  specimens among a  s e a  o f  weedy e x o t i c s .  

A r e s i d e n t a l  a r e a  f r o n t s  t h e  e a s t e r n  s h o r e  o f  Honaunau Bay and t h e  

v e g e t a t i o n  h e r e  was l a r g e l y  i n t e n t i o n a l l y  p l a n t e d .  The more common t r e e s  

a r e  p lumer ia  (P lumer ia  s p p . ) ,  coconut  (Cocos n u c i f e r a ) ,  monkey pod 

(Samanea saman) and papaya ( C a r i c a  papaya) .  The o rnamenta l s  i n c l u d e  

b o u g a i n v i l l e a  ( B o u g a i n v i l l e a  s p p . ) ,  n ight-blooming c e r e u s  (Hylocereus  

u n d a t u s ) ,  Madagascar p e r i w i n k l e  (Ca tha ran thus  r o s e u s ) ,  bryophyllum 

(Bryophyllum t u b i f l o r u m ) ,  a i r  p l a n t  (g .  pinnatum) and snow bush (Breynia  

n i v o s a ) .  Most lawns a r e  o f  Bermuda g r a s s  (Cynodon d a c t y l o n ) .  



TABLE 4 3 .  P l a n t s  c u r r e n t l y  r e p r e s e n t e d  i n  t h e  e n v i r o n s  o f  
Honaunau Bay which were p r e s e n t  a t  t h e  t ime  o f  C a p t a i n  Cook's 
a r r i v a l  i n  t h e  1 7 0 0 ' s .  "P" i n d i c a t e s  t h a t  t h e  s p e c i e s  was prob-  
a b l y  b rough t  t o  Hawaii by t h e  P o l y n e s i a n s ;  "N" i n d i c a t e s  t h a t  t h e  
s p e c i e s  i s  p r o b a b l y  n a t i v e  t o  Hawaii .  

N o r  S c i e n t i f i c  name Common name. Comment 
P  

P s i l o t u m  nudum Common on open l a v a  f lows.  

Nephro lep i s  e x a l t a t a  n i  ' a n i  ' a u  
sword f e r n  

Common on  open l a v a  f lows .  

Polypodium p e l l u c i d u m  "ae Occas iona l  on open l a v a  
f l o w s .  

I n  p o c k e t s  of sand on 
. l ava  f lows  n e a r  coasc .  

F i m b r i s t y l i s  spp.  sedge  

Cocos n u c i f e r a  n i u  
coconut  

' a l a '  a l a -  
wainui  

huehue 

Common on t h e  p a r k  
g rounds .  

Peperomia l e p t o s t a c h y a  Occas iona l  on  open l a v a  
f l o w s .  

S c a t t e r e d  on  open l a v a  
f l o w s .  

Cocculus f e r r a n d i a n u s  

h i '  a l o a  Common on open l a v a  f lows.  W a l t h e r i a  i n d i c a  

Ipomoea i n d i c a  k o a l i  ' awahia  
morning g l o r y  

Common th roughout ,  on  
open l a v a  and i n  s c r u b .  

One p e r s i s t s  n e a r  t h e  
G r e a t  Wal l ,  b u t  i s  b a d l y  
ravaged by i n s e c t s .  

Cord ia  s u b c o r d a t a  kou 

Morinda c i t r i f o l i a  non i  Occas iona l  on open l a v a  
f lows  and i n  s c r u b .  
There  a r e  a  number w i t h i n  
t h e  p a r k  grounds .  

pohuehue, beach 
morning g l o r y  

p i l i  g r a s s  

O c c a s i o n a l  on sandy s h o r e -  
l i n e s .  

Ipomoea p e s - c a p r a e  

S p a r i n g l y  r e i n t r o d u c e d  on 
t h e  p a r k  P a l a c e  Grounds 
and by t h e  p a r k i n g  l o t .  

Heteropogon c o n t o r t u s  

A r t o c a r p u s  a 1  t i l i s  ' u l u  
b r e a d f r u i t  

R a r e  on t h e  n o r t h  s h o r e  o f  
Honaunau Bay. There  was 
f o r m e r l y  a  grove two m i l e s  
n o r t h  o f  t h e  bay. 

Thespes ia  popu lnea  A  specimen grows on t h e  
p a r k  P a l a c e  Grounds. 



TABLE 43 ( c o n t i n u e d )  

N o r  S c i e n t i f i c  name Common name Comment 
P  

P  Pandanus o d o r a t i s s i m u s  h a l a  

P Tephros ia  p u r p u r e a  ' auhuhu 

Handsome specimens  grow 
o n  t h e  p a r k  P a l a c e  
Grounds. 

O c c a s i o n a l  on  open l a v a  
f lows .  S e v e r a l  were 
obse rved  n e a r  t h e  Grea t  
Wall .  



SUMMARY AND CONCLUSIONS 

Honaunau Bay i s  l o c a t e d  n e a r  t h e  midd le  o f  t h e  Kona Coast  on t h e  

i s l a n d  of Hawaii. A d j a c e n t  t o  i t s  s o u t h e r n  s h o r e  i s  t h e  C i t y  of  Refuge 

N a t i o n a l  H i s t o r i c a l  P a r k ,  e s t a b l i s h e d  i n  1961. Small  and a t t r a c t i v e  

Honaunau Bay i s  t h e  p r i n c i p a l  n a t u r a l  f e a t u r e  a t  t h e  p a r k .  It  l i e s  2 .5  

m i l e s  s o u t h  o f  Kealakekua Bay where C a p t a i n  Cook was k i l l e d  and a  l i t t l e  

n o r t h  o f  t h e  o l d  v i l l a g e  o f  Kookena where R o b e r t  Lou i s  S tevenson  d i d  some 

o f  h i s  w r i t i n g .  

The r e c o n s t r u c t e d  temple ,  Hale-o-Keawe, l i e s  a t  t h e  w a t e r ' s  edge 

and nea rby  i s  t h e  r e s t o r e d  s t o n e  e d i f i c e ,  A l e a l e a  Heiau.  However, t h e  

p a r k  boundary-ex tends  o n l y  t o  t h e  h i g h  t i d e  mark on t h e  s o u t h e r n  s h o r e  o f  

Honaunau Bay. The bay i t s e l f  and t h e  b a l a n c e  o f  i t s  p e r i p h e r y  a r e  p r e s -  

e n t l y  t o t a l l y  w i t h o u t  p r o t e c t i o n .  Both t h e  c e n t r a l  and n o r t h  s h o r e l i n e s  

of  Honaunau Bay l i e  o u t s i d e  t h e  p a r k ,  and i n  terms o f  s c e n i c  p r o t e c t i o n ,  

p r e s e r v a t i o n  and a r c h e o l o g i c a l  importance  t h i s  i s  u n f o r t u n a t e .  Archeo- 

l o g i c a l l y ,  i t  i s  e s t i m a t e d  a t  l e a s t  o n e - t h i r d  o f  t h e  o r i g i n a l  v i l l a g e  o f  

Honaunau s t o o d  a l o n g  t h e  n o r t h  s h o r e l i n e .  

The annua l  number o f  v i s i t o r s  (Tab le  1 )  t o  t h e  p a r k  has  doubled 

n e a r l y  t h r e e  t imes  i n  t h e  l a s t  f i v e  y e a r s ,  from 38,664 i n  1964 t o  250,000 

i n , 1 9 6 8 .  Apar t  from t h i s ,  two t o u r i s t  v e s s e l s  w i t h  c a p a c i t i e s  of  180 

p e r s o n s  each make d a i l y ,  nons top  e x c u r s i o n s  y e a r  round t o  Honaunau Bay 

from t h e  t o u r i s t  c e n t e r  a t  Kailua-Kona. Unl ike  most  a c c e s s i b l e  a r e a s  i n  

Hawaii ,  t h e  Honaunau s e t t i n g  h a s ,  e x c e p t  f o r  i n t r o d u c e d  weedy v e g e t a t i o n ,  

l a r g e l y  b i o l o g i c a l l y  and p h y s i c a l l y  changed b u t  l i t t l e  s i n c e  t h e  a r r i v a l  

of  C a p t a i n  Cook i n  t h e  1 7 0 0 ' s .  

Few p l a c e s  i n  Hawaii a r e  o f  g r e a t e r  h i s t o r i c a l  s i g n i f i c a n c e  t h a n  

Honaunau. For s e v e r a l  c e n t u r i e s  p r e c e d i n g  t h e  a r r i v a l  o f  w h i t e  man, 

Honaunau was t h e  r e l i g i o u s ,  c u l t u r a l  and p o l i t i c a l  c e n t e r  o f  Hawaii. The 

C i t y  o f  Refuge i s  t h e  a n c e s t r a l  home o f  Kamehameha t h e  G r e a t ,  t h e  most  

famous member o f  t h e  Hawaiian d y n a s t i e s .  It  was a  s a n c t u a r y  f o r  d i f f e r -  

e n t  l o s e r s  and t aboo  b r e a k e r s ,  and i s  b e l i e v e d  t o  have been i n  o p e r a t i o n  

b e f o r e  1492. Concepts o f  r e f u g e  a r e  p a r t  o f  t h e  P o l y n e s i a n  c u l t u r e .  

Hale-o-Keawe i s  t h e  most  s a c r e d  temple o f  a n c i e n t  Hawaii and i s  t h e  

p r i n c i p a l  man-made a t t r a c t i o n  a t  t h e  pa rk .  



S e v e r a l  s u g g e s t i o n s  have been o f f e r e d  a s  ways o f  p r e s e r v i n g  t h e  

bay and s e t t i n g .  A l l  would b r i n g  Honaunau more f u l l y  under  t h e  c o n t r o l  

o f  t h o s e  who would p r e s e r v e  i t .  One s u g g e s t i o n  i s  p u r c h a s e  o f  t h e  e n t i r e  

bay p e r i p h e r y ,  p a r t i c u l a r l y  t h e  n o r t h  s h o r e .  Another i n v o l v e s  p u r c h a s i n g  

i n s t e a d  a  s c e n i c  easement o f  t h e  l a n d .  A t h i r d  s u g g e s t i o n  i s  t o  make a  

n a t u r a l  p r e s e r v e  of  a l l  w a t e r s  i n s h o r e  o f  a  l i n e  drawn from Miana P o i n t  

t o  Loa P o i n t  (F ig .  l ) ,  a  d i s t a n c e  s l i g h t l y  l e s s  t h a n  two m i l e s .  Es tab-  

l i s h i n g  such a  p r e s e r v e  would v a s t l y  a i d  i n  m a i n t a i n i n g  t h e  b e a u t y  and 

n a t u r a l  importance  o f  t h i s  w i l d e r n e s s  a r e a  f o r  t h e  enjoyment o f  f u t u r e  

g e n e r a t i o n s ,  and,  c o n v e r s e l y ,  t h e r e  i s  no r e a s o n  a t  a l l  t o  e x p e c t  t h a t  

t h i s  bay w i l l  n o t  become i r r e v e r s i b l y  d e s t r o y e d  by p o l l u t i o n  w i t h o u t  p ro -  

t e c t i v e  measures .  The i m p l i c a t i o n s  o f  t h e  p r e s e n t  Kona Coast  p o p u l a t i o n  

i n f l u x  cannot  be  i g n o r e d .  The e n t i r e  c o a s t  i t  would n o t  seem i s  under-  

g o i n g  development a t  a n  a s t o n i s h i n g  r a t e ,  and t e rming  t h e  r e g i o n  a  wi ld -  

e r n e s s  a r e a  i s  i n  i t s e l f  a l r e a d y  a n a c h r o n i s t i c  and f a n c i f u l .  

The e c o l o g i c a l  c o n c l u s i o n s  o f  t h e  p r e s e n t  s t u d y  o f  Honaunau Bay 

r e l a t e  t o  g e o l o g i c a l  and h y d r o l o g i c a l  c o n d i t i o n s  and t o  t h e  a l g a e  ( l i m u ) ,  

p l a n k t o n ,  c o r a l s ,  mol lusks  (g .g . ,  s e a  s h e l l s ) ,  s e a  u r c h i n s  ( v a n a ) ,  

c r u s t a c e a  (e.g., l o b s t e r s ,  c r a b s ,  s h r i m p ) ,  f i s h ,  p o r p o i s e s ,  t u r t l e s  and 

t h e  s u r r o u n d i n g  l a n d  mass v e g e t a t i o n s .  Cur ren t  s i t u a t i o n s  a r e  d e s c r i b e d  

f o r  b o t h  l and  and mar ine  p o p u l a t i o n s ,  and l a n d - s e a  r e l a t i o n s h i p s  a r e  

d i s c u s s e d  i n  terms o f  t h e  sed iment  and o t h e r  c o n t e n t s  o f  t h e  f r e s h w a t e r  

r u n o f f  . 
A t  t h e  p r e s e n t  t ime ,  e x p l o i t a t i o n  o f  t h e  Honaunau h a b i t a t  r a n g e s  

from minimal t o  d e t r i m e n t a l ,  and p r i n c i p a l l y  i n c l u d e s  w a s t e  d i s p o s a l  and 

t a k i n g  o f  c o r a l ,  f i s h ,  m o l l u s k s  and c r u s t a c e a .  There  i s  a n  abundance o f  

accumulated t r a s h  i n  s h a l l o w  w a t e r  f r o n t i n g  t h e  p o p u l a t e d  e a s t e r n  s h o r e  

o f  Honaunau Bay, and c o r a l  i s  p r e s e n t l y  commercia l ly  g a t h e r e d  i n  Honaunau 

Bay f o r  u s e  i n  t h e  t o u r i s t  i n d u s t r y .  Although f i s h  a r e  abundant  h e r e  by 

compar ison w i t h  p o p u l a t e d  a r e a s  o f  Hawaii ,  i t  was obse rved  i n  t h e  p r e s e n t  

s u r v e y  t h a t  a s  one approaches  u n i n h a b i t e d  r e g i o n s  s o u t h  o f  Honaunau, p a s t  

Hookena, f i s h  p o p u l a t i o n s  d r a m a t i c a l l y  i n c r e a s e .  Even more s t r i k i n g  i s  

t h e  i n c r e a s i n g  f requency  o f  c r u s t a c e a n s  such  a s  c r a b s  and l o b s t e r s  s o u t h  

o f  Honaunau. Much o f  t h i s  r i c h ,  p r i s t i n e  and u n p r o t e c t e d  a r e a  t o  t h e  

s o u t h  i s  p r e s e n t l y  undergo ing  r e s i d e n t i a l  development.  



No t h e r m o c l i n e ,  o r  l a y e r i n g  of l a r g e  w a t e r  masses ,  was d e t e c t e d  

above a  dep th  o f  400 f e e t .  The c u r r e n t  a l o n g  t h i s  p a r t  of  t h e  Kona Coast  

was s o u t h e r l y  d u r i n g  t h e  p e r i o d  of  t h i s  s u r v e y ,  i t s  r a t e  measured a t  

500 m/hr. The s u r f a c e  mete r  o f  wa te r  (F igs .  5 th rough  8) f l u s h e s  d i r e c t l y  

outward a t  t h e  f l o o d  t i d e  and s h i f t s  s o u t h w e s t e r l y  a s  t h e  t i d e  r e c e d e s .  

Movement i s  minimal n e a r  ebb t i d e ,  s lowing  n e a r  t h e  e a s t e r n  s h o r e  t o  50 

m/hr which d i f f e r s ' f r o m  t h e  r a t e  o u t s i d e  t h e  bay of  one o r d e r  o f  magni- 

tude.  As t h e  t i d e  r i s e s  t h e  c u r r e n t  qu ickens  and s e v e r a l  c i r c u l a r  p a t -  

t e r n s  a r e  i n s t i t u t e d .  F l u s h i n g  must be  a l m o s t  complete  d a i l y .  

The topography o f  a  bay a f f e c t s  i t s  c u r r e n t  sys tem,  and i n  t h e  c a s e  

o f  Honaunau Bay a  v e r y  deep t r e n c h  e x t e n d s  a l o n g  t h e  s o u t h - f a c i n g  shore .  

The b a l a n c e  of  t h e  bay i s  r e l a t i v e l y  f l a t  t o  a  d e p t h  of  20 m e t e r s .  Th i s  

t r e n c h  enhances t h e  f l u s h i n g  o f  t h e  bay.  For  i n s t a n c e ,  d u r i n g  a  r i s i n g  

t i d e  t h e  s u r f a c e  m e t e r  of  wa te r  f lows t o  t h e  r e g i o n  o f  t h e  deep t r e n c h  

and then  is c a r r i e d  o u t  t o  s e a  a t  a n  a c c e l e r a t e d  r a t e .  The t r e n c h ,  how- 

e v e r ,  d i d  n o t  a f f e c t  t h e  s u r f a c e  m e t e r  o f  w a t e r  a t  o t h e r  t i d e s .  

A major c o n s i d e r a t i o n  i n  t h i s  s t u d y  was l o c a t i n g  and t e s t i n g  

p o i n t s  of  f r e s h w a t e r  seepage  i n t o  t h e  bay. No r i v e r  mouths o r  e s t u a r i n e  

s i t u a t i o n s  a r e  p r e s e n t ,  b u t  t h e  amount o f  b r a c k i s h  w a t e r ,  even measured 

a f t e r  a  prolonged d r y  p e r i o d ,  i s  c o n s i d e r a b l e  and shown i n  Table  44 

f e r t i l i z e r  h i g h .  

"Brackish water"  h e r e  r e f e r s  t o  p e r c o l a t i o n  o r  l e a c h i n g  i n t o  t h e  

ground wate r  from t h e  s u r r o u n d i n g  l and  masses ;  i t s  volume r e f l e c t s  t h e  

wa te r  t a b l e .  The h i g h e r  ground i n l a n d  of  Kealakekua Bay r e c e i v e s  much 

more r a i n f a l l  than  does  t h e  bay i t s e l f .  I n  a  b r a c k i s h  s i t u a t i o n  t h e  

c o l d e r ,  l e s s  dense  f r e s h  w a t e r  forms a  l a y e r  on top  o f  t h e  s e a  wa te r .  

Th i s  l a y e r  v a r i e s  w i t h  t h e  t i d e  h e i g h t ,  t h e  r a t e  f r e s h  w a t e r  p e r c o l a t e s  

i n t o  t h e  a r e a ,  t u r b u l e n c e  and waves. The r a t e  o f  mix ing  i n  a  s h e l t e r e d  

a r e a  such  a s  Keone-el i  ( s e e  Fig .  4 f o r  place-name d e s i g n a t i o n s ) ,  f o r  

example, i s  much s l o w e r  than  o f f  more exposed Hale-o-Keawe. 

The m a j o r  b r a c k i s h - w a t e r  s t a t i o n s  i n  p r o t e c t e d  a r e a s  o f  Honaunau 

Bay a r e  a l s o  t h o s e  s t a t i o n s  r e c e i v i n g  t h e  g r e a t e s t  volume o f  f r e s h w a t e r  

p e r c o l a t i o n .  These a r e a s  a r e  Kapuwa' i and K e o n e - e l i ,  and t h e i r  l e n s e s  

o f  b r a c k i s h  wate r  converge i n  a  common channe l  o f f  Puuehu rock .  The 

w a t e r  h e r e  i s  v e r y  c l e a r .  Were t h e r e  s o l i d  was tes  p r e s e n t ,  even a s  



TABLE 44. Summary t a b l e  o f  components measured 

i n  w a t e r  from d i f f e r e n t  s t a t i o n s  i n  o r  near  Honaunau Bay. 

S t a t i o n  
number 

S a l i n i t y  F e c a l  N i t r a t e  Phosphate  
o/oo b'ac t e r i a  n i t r o g e n  phosphorus 

p e r  100 m l  p g / l  !Jg/ 1 

10-Head o f  Bay 32.5 4 74.0 19.3  
( n o r t h  o f  11)  

11-Head o f  Bay 
( n o r t h  o f  12)  

12-Kapuwa'i s h o r e  5.5 9 729.2 141.1 

12-Kapuwa'i 30 m e t e r s  20.0 1 5  193.5 47.8 
from s h o r e  

13-Keone-el i  20 m e t e r s  26.5  2 3- 129.7 47.1  a / 
from s h o r e  

14- Royal F i s h  Pond 8 4 3  232.2 65.4 

17-Alea lea  Heiau Pond 34.5  3 2.6 4.3 

a/ I n  one sample t h e r e  were 460 f e c a l  b a c t e r i a  p e r  100 m l .  



p a r t i c u l a t e  m a t t e r ,  o r  a  h i g h  p l a n k t o n  p o p u l a t i o n ,  t h e  water  would be 

t u r b i d  and one would e x p e c t  musse l s  o r  o t h e r  d e t r i t u s  f e e d e r s  i n  abun- 

dance.  That such c o n d i t i o n s  do n o t  p r e v a i l  i s  s u r e l y  due t o  t h e  e f f i c -  

i e n c y  o f  t h e  sand f i l t e r i n g  o f  t h e  p o l l u t e d  e f f l u e n t  r e a c h i n g  t h e s e  two 

p l a c e s  and t h e  h i g h ,  p robab ly  s e m i d i u r n a l ,  f l u s h i n g  r a t e  o f  t h e  bay. 

The p r e s e n t  s t u d y  o f  c u r r e n t s  p o i n t s  up t h e  exposed n a t u r e  o f  

Honaunau Bay r a t h e r  t h a n  d e m o n s t r a t i n g  p r o t e c t e d  a r e a s .  Whereas t h e  

b r a c k i s h  i n l e t  Keone-el i  a p p e a r s  q u i t e  s h e l t e r e d  t o  t h e  eye ,  d u r i n g  bo th  

f a l l i n g  and r i s i n g  t i d e s  t h e  wa te r  mass s h i f t e d  from t h e  f r i n g e s  of  t h i s  

a r e a  i n t o  t h e  bay p r o p e r  a t  r a t e s  from 100 t o  200 m/hr .  The nearby deep 

t r e n c h  ex tend ing  t o  a l m o s t  t h e  head o f  t h e  bay i s  i n s t r u m e n t a l  i n  t h i s  

f l u s h i n g  p a t t e r n .  R e l a t i v e  t o  t h e  r e s t  o f  t h e  bay,  however, t h e  i n l e t  i s  

s h e l t e r e d ,  and t h i s  s h e l t e r i n g  slows mixing r a t e s  o f  t h e  p e r c o l a t i n g  

ground wate r  and m i n e r a l  and o r g a n i c  c o n s t i t u e n t s  i t  c a r r i e s  w i t h  t h e  

s e a  wa te r .  

Perhaps  one o f  t h e  r e a s o n s  Honaunau Bay i s  a s  unchanged a s  i t  i s  

i s  i t s  a p p a r e n t l y  h i g h  f l u s h i n g  r a t e .  I n  a r e c e n t  s t u d y  o f  Kealakekua 

Bay, s h e l t e r i n g  was d r a m a t i c a l l y  emphasized. Movement a l o n g  t h e  p e r i p -  

h e r y  o f  t h i s  much l a r g e r  bay averaged o n l y  50 m/hr ,  and,  f u r t h e r m o r e ,  t h e  

c u r r e n t  buoys tended t o  remain w i t h i n  t h e  c o n f i n e s  o f  t h e  bay d u r i n g  t h e  

e n t i r e  t i d e  c y c l e .  I n  l i n e  w i t h  t h i s ,  t h e  i n c i d e n c e  o f  beaching was much 

h i g h e r  and f l u s h i n g  l e s s  i n  Kealakekua. 

F i f t e e n  d i s c r e t e  p o i n t s  o f  f r e s h w a t e r  e n t r y  (F ig .  9 )  i n t o  Honaunau 

Bay were i s o l a t e d .  Of t h e s e ,  however, o n l y  t h e  s t a t i o n s  a t  Kapuwa'i and 

Keone-el i  were o t h e r  t h a n  exposed.  I n  o r d e r  t o  judge how c l e a n  t h e  

b r a c k i s h  wate r  i s ,  t e s t i n g  was conducted t o  d e t e r m i n e  l e v e l s  o f  c o l i f o m  

b a c t e r i a ,  n i t r a t e ,  n i t r i t e ,  phosphate  and ammonia. The v a l u e s  o b t a i n e d  

were t h e n  compared w i t h  t h e  p u b l i c  h e a l t h  r e g u l a t i o n s  o f  t h e  S t a t e  of  

Hawaii r e g a r d i n g  w a t e r  q u a l i t y  s t a n d a r d s .  I t  was shown (Table  44) t h a t  

t h e  e n t i r e  bay mee t s  s t a n d a r d s  f o r  "AA Water" e x c e p t  f o r  t h e  r e g i o n  near  

Keone-el i  which mee t s  t h e  s t a n d a r d s  f o r  o n l y  "B Water." 

"AA Water" i s  p r i s t i n e ,  c h a r a c t e r i s t i c  o f  a  w i l d e r n e s s  r e g i o n .  

"A Water" i s  l e s s  s o ,  b u t  i s  regarded  a s  comple te ly  s u i t a b l e  f o r  s w i m -  

ming and r e c r e a t i o n a l  use .  "B Water," on t h e  o t h e r  hand, i s  thought  too  

'contaminated f o r  swimming, ,and s u i t e d  i n s t e a d  f o r  such  u s e  a s  a  s m a l l  



boa t  harbor .  

The r eg ion  o f f  Keone-eli  i s  t u r b i d  and con t a in s  even v i s i b l e  sus -  

pended m a t t e r .  It i s  t h e  on ly  t u r b i d  a r e a  i n  t he  e n t i r e  bay. The con- 

t amina t ion  i s  from two ce s spoo l s  s i t u a t e d  34 m from t h e  sandy-beach 

s h o r e l i n e .  One p u b l i c  res t room i n  u se  today was r e c e n t l y  e r e c t e d  by t he  

Pa rk  Se rv i ce  as p a r t  of  a  new v i s i t o r ' s  c e n t e r .  The S t a t e  had condemned 

t h e  o r i g i n a l  cesspool  a s  i nadequa t e  t o  s e r v i c e  t h e  burgeoning t o u r i s t  

i n d u s t r y ,  bu t  has  g r an t ed  a  temporary,  2-year approval  f o r  t h e  p r e s e n t  

system.  I t  i s  thought  t h a t  i n  1971 funding  w i l l  be a v a i l a b l e  t o  i n s t i -  

t u t e  a  sewage t r e a tmen t  p l a n t .  

Not on ly  i s  Keone-el i  cove contaminated,  bu t  t h i s  i s  t h e  most 

popula r  ba th ing  a r e a  i n  t h e  e n t i r e  bay, favored by t hose  want ing t o  avoid 

t h e  more exposed, deeper  wa t e r s  of  t h e  bay p rope r .  Park  r eco rds  s t a t e  

t h a t  s e v e r a l  thousand swimmers u se  t h i s  cove annua l ly .  As i n d i c a t e d  

above, t h i s  cove does no t  meet S t a t e  s a n i t a r y  water  s t anda rds  f o r  a  

swimming beach. 

Mollusks o r  s e a  s h e l l s  f a v o r i n g  b r ack i sh  water  a r e  v e r y  abundant 

i n  Keone-el i  and Kapuwa'i and p r i n c i p a l l y  i n c l u d e p i p i p i s  (Theodoxus 

n e g l e c t u s )  and mussels  (Isognomon c a l i f o r n i c u m ) .  These s p e c i e s  a r e  a l s o  

ve ry  common a t  Kaawaloa Cove, t h e  most contaminated r e g i o n  i n  Kealakekua 

Bay which i s  l i kewi se  s h e l t e r e d  and b r ack i sh .  

P lank ton  tows were c a r r i e d  o u t  i n  bo th  Honaunau Bay and Kealakekua 

Bay. The mean zooplankton biomass nea r  t h e  s u r f a c e  i s  g r e a t e s t  i n  Honau- 

nau Bay. The dense s t  p o p u l a t i o n  i n  Kealakekua Bay was 146 mg wet weight 

zooplankton pe r  cub ic  mete r  a t  Kaawaloa Cove, whereas an  average  o f  187 

rng/m3 was c o l l e c t e d  a t  t h e  head of  Honaunau Bay. This  i n d i c a t e d  t h a t  of 

t h e  two bays ,  Honaunau i s  t h e  more p roduc t i ve .  

The underwater topography a t  Honaunau Bay was d e s c r i b e d ,  and fou r  

100-meter t r a n s e c t s  (F ig .  12)  l a i d  o u t  by SWBA d i v e r s  i n  o r d e r  t o  quan- 

t i f y  t h e  da t a .  The s h o r e l i n e  s l o p e  i s  r e l a t i v e l y  g e n t l e  t o  a  dep th  o f  

20 me te r s ,  t h e  l i m i t  of  v i s i b i l i t y .  Th i s  i s  s i m i l a r  t o  t h e  s i t u a t i o n  a t  

Kealakekua Bay. However, t h e  s l o p e  i s  no t  outward b u t  nor thwes t  due t o  

t h e  deep, sandy-bottom t r ench  which ex tends  a long  t h e  n o r t h  sho re  t o  

n e a r l y  t h e  head o f  t h e  bay and widens s o u t h e r l y  w i th  i n c r e a s i n g  dep th .  

As po in t ed  o u t  p r ev ious ly ,  t h i s  t r e n c h  speeds  mixing and f l u s h i n g  of 



m a t e r i a l  e n t e r i n g  t h e  s h o r e l i n e .  P o r p o i s e s  and o c c a s i o n a l l y  s h a r k s  e n t e r  

t h e  bay a l o n g  t h i s  t r e n c h ,  b u t  t h e  sandy bot tom does  n o t  s u p p o r t  s i g n i f i -  

c a n t  p o p u l a t i o n s  o f  Kona c r a b s  such a s  were obse rved  i n  l a r g e r  and deeper  

Kealakekua Bay. 

I n  g e n e r a l  n e a r  s h o r e  t h e  bottom i s  covered  w i t h  a n  a s s o r t m e n t  of  

b o u l d e r s  and s m a l l e r  f r agments  which l e s s e n  i n  abundance a s  one p r o g r e s s e s  

seaward.  The dominant r e c o g n i z a b l e  organisms a r e  c o e l e n t e r a t e  c o r a l s ,  

f i s h e s  and s e a  u r c h i n s .  Beyond s i x  m e t e r s  t h e  c o r a l  cover  i s  n e a r l y  100 

p e r  c e n t ,  c o v e r i n g  a l l  rocky a r e a s  s o  t h a t  one  o b s e r v e s  b u t  a  s e a  o f  

c o l o r f u l  c o r a l  mounds amongst s p o r a d i c  p a t c h e s  o f  sand .  

The v i s i b l e  macroscop ic  a l g a l  m a t e r i a l  (seaweed o r  l imu)  i s  a lmos t  

e n t i r e l y  i n t e r t i d a l .  Except  f o r  s p o t s  o f  m a t - l i k e  c r u s t s  of  a l g a e  on  

b o u l d e r s  i n  some a r e a s ,  no b e n t h i c  a l g a e  a t  a l l  a r e  g e n e r a l l y  obse rved  a t  

d e p t h s  g r e a t e r  t h a n  two m e t e r s  s a v e  f o r  a  s i n g l e  r e d  a l g a ,  T o l y p i o c l a d i a  

g l o m e r a t a ,  which i s  v e r y  common i n  t h e  i n t e r s t i c e s  o f  t h e  f i n g e r  c o r a l  
I 

( P o r i t e s  compressa) .  A s  t h i s  s i t u a t i o n  i s  common a l o n g  t h e  s i d e s  o f  t h e  

deep t r e n c h ,  t h e  n o r t h  s h o r e  o f  Honaunau Bay s u p e r f i c i a l l y  r esembles  

Kaawaloa Cove w i t h  s i m i l a r  dominant b i o t i c  p o p u l a t i o n s  a l o n g  a  s t e e p  

s l o p e .  The brown a l g a  T u r b i n a r i a  o r n a t a  was f r e q u e n t l y  r e c o r d e d  from 

Kealakekua Bay i n  t h e  summer and f a l l  growing i n  i n t e r s t i c e s  o f  c a s t l e  

c o r a l  ( P o r i t e s  -- p u k o e n s i s ) ,  b u t  d u r i n g  t h e  p r e s e n t  s u r v e y ,  conducted i n  

March, i t  was n o t  obse rved  i n  Honaunau Bay. I n s t e a d ,  t h e  g r e e n  a l g a  

Halimeda d i s c o i d e a  was uncommonly s e e n  i n  such  i n t e r s t i c e s .  

As i n d i c a t e d  above,  t h e  b e n t h i c  seaweed p o p u l a t i o n  i s  s p a r s e .  To 

t h e  c a s u a l  o b s e r v e r  i t  migh t  appear  a b s e n t .  The o n l y  s u b l i t t o r a l  a r e a  

dominated by b e n t h i c  a l g a e  i s  Keone-el i  cove which i s  l i k e w i s e  t h e  o n l y  

contaminated a r e a  i n  Honaunau Bay. To a  d e p t h  o f  two m e t e r s  t h e  sub-  

s t r a t u m  a t  Keone-e l i  i s  b l a n k e t e d  by a  r e d  a l g a ,  Gelidium s p . ,  covered 

w i t h  mass ive  d ia tom f i l a m e n t s .  The f l o o r  l o o k s  brownish and a p p e a r s  

s i l t y  from t h e  d ia toms ,  and t h e  Gelidium i s  o n l y  a p p a r e n t  a f t e r  t h e  f r o n d s  

have been shaken t o  remove them. There  i s  no r e a s o n  t o  b e l i e v e  t h a t  i f  

p o l l u t i o n  becomes i n t e n s i f i e d  a l g a l  beds  w i l l  n o t  p r o l i f e r a t e  f u r t h e r .  

The s o u t h e r n  and e a s t e r n  p o r t i o n s  o f  t h e  bay appear  p a r t i c u l a r l y  s u i t a b l e  

f o r  heavy c o v e r .  At t h e  p r e s e n t  t ime ,  however, i t  a p p e a r s  t h a t  t h e  

normal b e n t h i c  a l g a l  r o l e  i s  r e p l a c e d  by z o o x a n t h a l l a e  ( d i n o f l a g e l l a t e s )  



i n  t h e  extensive c o e l e n t e r a t e  c o r a l  beds. 

I n  Waikiki, by comparison, seaweeds occur i n  var ious  q u a n t i t i e s ,  

and t h a t  they a r e  hard t o  f ind  i n  any quan t i ty  i n  Honaunau Ba.y i s  r e l a t e d  

t o  low f e r t i l i z e r  concen t ra t ions .  Although p resen t  now i n  only token 

amounts, the  usual  spec ie s  complement f o r  the  r e s t  of Hawaii can perhaps 

be found here and with continued p o l l u t i o n  could r ep lace  t h e  c o r a l s .  

The development of a  po l lu t ion - type  marine community a t  Honaunau , 

Bay would mean los s  of much of the  p resen t  Hawaiian marine l i f e ,  and i n  

few o the r  areas i s  t h i s  marine l i f e  more r e a d i l y  a c c e s s i b l e  t o  the  i t i n -  

e r a n t .  During the  present  survey,  p o l l u t i o n  communities were observed i n  

nearby, bui l t -up  Kailua Bay and Keauhou Bay. A f a m i l i a r  example on Oahu 

i s  t h e  sp la sh  of green i n  f r o n t  of t he  bathhouse a t  Hanauma Bay. The 

p r i n c i p a l  among these  green p o l l u t i o n  i n d i c a t o r s  i s  t h e  presence of an 

a l g a l  community dominated by t h e  genus Ulva, p r e s e n t l y  observed i n t e r -  

t i d a l l y  a t  Honaunau Bay. Larger green areas  of t h i s  s e a  l e t t u c e ,  o f t e n  

becoming of f -whi te  o r  ye l lowish  i n  p a r t ,  can be expected t o  develop i f  

f u r t h e r  s i g n i f i c a n t  amounts of  f r e s h  water and f e r t i l i z e r  p e r c o l a t e  i n t o  

t h e  bay, and i f  processed sewage i s  included.  

A marine shore a r e a  i n  balance coming t o  r ece ive  q u a n t i t i e s  of 

f e r t i l i z e r  f lushed i n  with f r e s h  water w i l l  a l t e r  i n  adapt ing  t o  the  new 

condi t ions .  The expected p a t t e r n  i s  f o r  a  s e r i e s  of n e a r - i r r e v e r s i b l e  

changes t o  occur. Among f i r s t  changes t o  be seen a r e  i n  the  microscopic 

a l g a l  organisms, f o r  example, i n  the  phytoplankton and i n  those  e s s e n t i a l  

t o  t h e  l a r v a l  animal s t a g e s  and those  u t i l i z e d  a s  zooxanthe l lae  by c o r a l  

a d u l t s .  The r e s u l t s  a r e  newly dominant spec ies  of t he  shor t - l i ved ,  f r e -  

quent ly  reproducing kinds.  I n  t h i s  case,  they w i l l  be those  r e l a t i v e l y  

i n s e n s i t i v e  t o  o r  s t imu la t ed  by the  add i t ion  of f r e s h  water and t h e  f e r -  

t i l i z e r s  derived from sewage. I n  the  t rop ic s  the  ben th ic  spec ie s  a r e  

u s u a l l y  members of t he  Ulvaceae; Entermorpha i f  a  s teady supply of f r e s h  

water  i s  involved, o r  Ulva i f  t he  f r e s h  water i s  l e s s  o r  p e r i o d i c  and 

con ta ins  increased ni t rogenous wastes .  Thus, i t  i s  t h a t  a  sp l a sh  of 

green  from these  seaweeds i n  f r o n t  of a  res idence  o r  Lathhouse i n d i c a t e s  

p o l l u t i o n .  

With the  advent of  i n t e n s i f i e d  sewage d isposa l  a t  Honaunau Bay 

and such populat ions a s  the  above appearing,  t he  n a t u r a l  food f o r  the  



n a t i v e  organisms dec r ea se s .  That  i s ,  though t h e  t o t a l  amount of food 

a v a i l a b l e  may i n c r e a s e ,  t h e  animals  such a s  t h e  c o r a l s  which a r e  ve ry  

r e s t r i c t e d  i n  t h e i r  d i e t s  f i n d  t h e i r  food dec r ea s ing .  Thus, such c o r a l s ,  

f i s h e s  and o t h e r  animal  popu l a t i ons  would dec r ea se  t o  t h e  e x t e n t  they  d i d  

no t  consume t h e  n e w ' a l g a l  p o p u l a t i o n  o r  t h e  p o l l u t i o n  m a t e r i a l  d i r e c t l y .  

Ac tua l l y  t h e  Ulva f a s c i a t a  community t o  be expected w i t h  f u r t h e r  p o l l u -  

t i o n  i s  u s u a l l y  s t r a n g e l y  devoid o f  animal l i f e  o r  much of any l i v i n g  

m a t e r i a l  o t h e r  t han  t h e  seaweed Ulva i t s e l f .  Many exp l ana t i ons  have been 

o f f e r e d  f o r  t h i s ,  b u t  two a r e  wide v a r i a t i o n s  i n  t h e  oxygen con t en t  of 

t h e  wate r  and t h e  p roduc t i on  o f  t o x i c  m a t e r i a l s ,  such  a s  dimethylpropio-  

t h e t i n  d e r i v a t i v e s ,  which do f u n c t i o n  t o  t h e  e x c l u s i o n  o f  animals  o r  t h e i r  

food. 

A l t e r a t i o n  o f  any n a t u r a l  h a b i t a t  such  a s  Honaunau Bay w i l l  en- 

courage succe s s  o f  e x o t i c s .  Th is  i s  t h e  g e n e r a l  e x p l a n a t i o n  f o r  t h e  l a ck  

of n a t i v e  p l a n t  and animal l i f e  below about  t h e  1500-foot  l e v e l  on Oahu. 

Exo t i c  seaweed s p e c i e s  such  a s  Acanthophora s p i c i f e r a ,  Ulva r e t i c u l a t a  

and t h e  endemic D ic tyosphae r i a  cavernosa have become dominating elements 

i n  Kaneohe Bay, Oahu, w i t h i n  t h e  l a s t  20 y e a r s  accompanied by t h e  d i s -  

appearance of  o t h e r  seaweeds and o f  those  f i s h  s p e c i e s  which fed  upon 

them. 

New p l a n t i n g s  on l and  a r e  u s u a l l y  we l l  wa te red  and f e r t i l i z e d  and 

most of  t h a t  f e r t i l i z e r  p e r c o l a t e s  t o  t h e  nearby s e a .  Even a p a r t  from 

t h e  f e r t i l i z e r ,  as t h e  p l a n t s  grow and pho to syn the s i ze  much o f  t h e  mater-  

i a l  may wash o u t  o f  t h e  p l a n t  i n t o  t h e  ground wate r  and, t o  t h e  e x t e n t  

no t  des t royed  by b i o l o g i c a l  a c t i v i t y  i n  t h e  s o i l ,  end up i n  t h e  s e a  a s  

f e r t i l i z e r  m a t e r i a l s .  

The c o r a l  p o p u l a t i o n  p r e s e n t  i s  unique t o  t h i s  a r e a .  A marked 

zona t i on  of  t h e  c o r a l  t o  a  dep th  of  20 me te r s  i s  d e s c r i b e d .  Th is  s i t u a -  

t i o n  and t h e s e  zones a r e  g e n e r a l l y  found i n  Honaunau Bay l a r g e l y  a s  i t  i s  

i n  Kealakekua Bay.  he f i r s t  zone ex tends  t o  a dep th  o f  f i v e  me t e r s  and 

i s  dominated by P o c i l l o p o r a  meandrina.  Zones two and t h r e e  ex tend  t o  a  

dep th  o f  15  me te r s  and a r e  dominated by c a s t l e  c o r a l  ( P o r i t e s  pukoens i s ) .  

Th is  c o r a l  which forms enormous mounds o r  c a s t l e s  i s  p a r t i c u l a r l y  co lo r -  

f u l  i n  c l e a r  wate r  due t o  t h e  p resence  of  b r i g h t  g r een  o r  yel low o r  even 
b 

b l u i s h  p h o t o s y n t h e t i c  microorganisms ( z o o x a n t h a l l a e ) .  However, towards 



Keone-el i  where t h e  w a t e r  i s  n o t i c e a b l y  t u r b i d ,  t h e  c o l o n i e s  a r e  most 

o f t e n  brownish and d 'ull  i n  c o l o r .  

Zone f o u r  e x t e n d s  t o  20 m e t e r s  d e p t h  and i s  dominated by f i n g e r  

c o r a l  (P. compressa) .  T h i s  c o r a l  i s  abundant a t  g r e a t e r  d e p t h s  i n  Honau- 

nau Bay, b u t  a l s o  f r e q u e n t l y  grows i n  w a t e r s  l e s s  t h a n  f o u r  m e t e r s  deep.  

It i s  somewhat c u r i o u s  a s  s u c h  s h a l l o w  r e c o r d s  f o r  f i n g e r  c o r a l  were n o t  

obse rved  i n  o t h e r  bays .  I t  was a l s o  p o i n t e d  o u t  (Fig .  23) i n  t h e  p r e s e n t  

s u r v e y  t h a t  o f  a l l  t h e  c o r a l s  i n  Honaunau Bay f i n g e r  c o r a l  a p p e a r s  t o  be 

most  s e n s i t i v e  t o  l o c a l  v a r i a t i o n s  i n  e c o l o g i c a l  c o n d i t i o n s .  F i n g e r  c o r a l  

i s  e a s i l y  broken, and is u s u a l l y  r e s t r i c t e d  t o  more s h e l t e r e d  and deeper  

h a b i t a t s .  

The e x t e n t  of  v e r t i c a l  c o r a l  d i s t r i b u t i o n  was thought  l i m i t e d  by 

l i g h t  p e n e t r a t i o n ,  t e m p e r a t u r e  and p o s s i b l y  food. I t  was brought  o u t  

t h a t  t h e  s p e c i e s  o f  c o r a l  p r e s e n t  a r e  p r e s e n t l y  i n  a  v e r y  d e l i c a t e  eco- 

l o g i c a l  b a l a n c e ,  a  b a l a n c e  thought  t o  be p r i n c i p a l l y  m a i n t a i n e d  by low 

phospha te  i n  t h e  environment ,  and by lowered s a l i n i t y  and t empera tu re  due 

t o  t h e  p r e s e n c e  o f  f r e s h  w a t e r .  Some c o r a l s  do n o t  t o l e r a t e  h i g h e r  l e v e l s  

o f  phosphorus t h a n  found i n  t h e  open t r o p i c a l  s e a s  and,  o f  c o u r s e ,  sewage 

o u t f a l l s  a r e  a n  ex t remely  r i c h  s o u r c e  o f  phospha te  s a l t s .  

Two i t ems  p r e v i o u s l y  noted (Tab le  44) a r e  t h a t  t h e  Royal Canoe 

Landing (Keone-el i )  i s  contaminated by seepage from two c e s s p o o l s ,  and 

t h a t  Honaunau c o r a l s  appear  t o  t o l e r a t e  o n l y  low l e v e l s  o f  phosphate ,  a  

major  sewage c o n s t i t u e n t .  I n  l i n e  w i t h  t h i s ,  t h e  beds  o f  f i n g e r  c o r a l  

( P o r i t e s  compressa) o f f  Keone-e l i  a r e  a t  t h e  p r e s e n t  t ime  m o s t l y  dead.  

T h e i r  worn bases  a r e  a b u n d a n t l y  p r e s e n t ,  b u t  a r e  now s c a r c e l y  r e c o g n i z -  

a b l e  and e n c r u s t e d  w i t h  a  second c o r a l  s p e c i e s ,  Pavona v a r i a n s .  T h i s  

c o n d i t i o n  i s  n o t  p r e s e n t  e l s e w h e r e  i n  Honaunau Bay. A s i m i l a r  s i t u a t i o n  

dominates  t h e  scene  o f f  Waik ik i  on t h e  i s l a n d  o f  Oahu, where h i s t o r i c a l  

a c c o u n t s  t e l l  u s  c o r a l  g a r d e n s  f l o u r i s h e d  fo rmer ly .  

There a r e  noteworthy f e a t u r e s  e x h i b i t e d  by t h e  m a r i n e  mol luscan  

f a u n a  ( s e a  s h e l l s ,  e t c . )  a t  Honaunau Bay, and t h e s e  a r e  enhanced from a  

g e n e r a l  i n t e r e s t  s t a n d p o i n t  by t h e  s p a r k l i n g  c l e a r  w a t e r s  and e x c e p t i o n a l  

v i s i b i l i t y  u s u a l l y  e x p e r i e n c e d  i n  t h e  bay. 

I n  terms o f  p e r c e n t a g e  composi t ion o f  s p e c i e s  Honaunau Bay h a s  a  

p r o p o r t i o n  o f  gas t ropods  (cowr ies ,  cones ,  e t c . )  t o  b i v a l v e s  (c lams,  



o y s t e r s ,  e t c . )  o f  8 9 : l l  ( o r  89 p e r  c e n t  g a s t r o p o d s ) .  A r e c e n t  s t u d y  a t  

nearby Kealakekua ~ a ~  y i e l d e d  t h e  same p r o p o r t i o n .  Th is  a p p e a r s  t o  be 

h i g h e r  t h a n  h a s  been measured e l sewhere  i n  t h e  Hawaiian I s l a n d s ,  which 

h a s  a n  o v e r a l l  p r o p o r t i o n  o f  82:18. The r a t i o  i n  s t r o n g l y  contaminated 

Kaneohe Bay, Oahu, i s  80:20. 

B i v a l v e s  a r e  f i l t e r  f e e d e r s  and hence t end  t o  i n c r e a s e  when p o l l u -  

t i o n  i n c r e a s e s ,  whereas a  gas t ropod  p o p u l a t i o n  i s  i n d i c a t i v e  o f  u n s i l t e d  

c o n d i t i o n s .  Hence, a s  a n  a r e a  becomes contaminated one e x p e c t s  t h e  r a t i o  

t o  d e c r e a s e  by t h e  appearance  o f  l a r g e  numbers o f  b i v a l v e s  such  a s  mus- 

s e l s ,  and e x t i n c t i o n  o f  v a r i o u s  g a s t r o p o d  s p e c i e s  of  cowries  and cones .  

It i s  known t h a t  many g a s t r o p o d s  which used t o  be c o l l e c t e d  i n  Kaneohe 

Bay a r e  no l o n g e r  p r e s e n t ,  and t h e  e x c e e d i n g l y  h i g h  p e r c e n t a g e  f o r  Keala-  

kekua Bay i s  ev idence  f o r  t h e  u n s p o i l e d  c o n d i t i o n s  t h a t  e x i s t  t h e r e .  

There i s  a l s o  h e r e  a  h i g h  p e r c e n t a g e  o f  e p i f a u n a l  mol lusks  which i n d i c a t e  

c l e a n  w a t e r  o v e r  i n f a u n a l  mol lusks  which t h r i v e  under s i l t i e r  c o n d i t i o n s .  

I t  i s  f e l t  t h a t  a t  t h e  p r e s e n t  t ime  t h e  mol lusk p o p u l a t i o n  i s  i n  

a  d e l i c a t e  e c o l o g i c a l  b a l a n c e  and d i s t u r b a n c e s ,  such a s  i n c r e a s e d  n i t r a t e  

and phospha te  s a l t s  l e a c h i n g  i n t o  t h e  bay,  would r e s u l t  i n  a n  imbalance 

o f  t h e  community and p o s s i b l e  e x t i n c t i o n  of  some s p e c i e s  from t h e  a r e a .  

I n  t e r n s  o f  o v e r a l l  biomass,  c o r a l ,  f i s h  and s e a  u r c h i n s  a r e  t h e  

t o p  t h r e e  animal  groups  i n  Honaunau Bay. C o r a l s  p r o v i d e  s h e l t e r  f o r  

b o t h  a d u l t  and j u v e n i l e  f i s h  and u r c h i n s .  Urchins  and some f i s h  s p e c i e s  

compete w i t h  each  o t h e r  f o r  a l g a e ,  and a l s o  p r e v e n t  a l g a e  from smother-  

i n g  t h e  c o r a l  growths.  An imbalance i n  any of  t h e s e  t h r e e  groups  w i l l  i n  

a l l  l i k e l i h o o d  d r a s t i c a l l y  a l t e r  p o p u l a t i o n s  of  t h e  o t h e r  two. 

The major  s e a  u r c h i n s  by o r d e r  o f  importance i n  Kealakekua Bay a r e  

t h e  s l a t e  p e n c i l  u r c h i n ,  H e t e r o c e n t r o t u s ,  and t h e  vanas ,  E c h i n o t h r i x ,  

Echinometra  and T r i p n e u s t e s .  The abundance and d i s t r i b u t i o n  o f  Echino- 

m e t r a  oblonga and g. mathae i  a r e  s i m i l a r  i n  Kealakekua Bay and Honaunau 

Bay. However, t h e  o t h e r  t h r e e  g e n e r a  a r e  ,considerably  l e s s  common i n  

Honaunau Bay. I n  f a c t ,  E c h i n o t h r i x  and T r i p n e u s t e s  were n o t  r e c o r d e d  

f r e q u e n t l y  enough t o  y i e l d  s i g n i f i c a n t  r e s u l t s .  T r i p n e u s t e s  i s  t h e  most 

abundant  u r c h i n  a t  v i s i b l e  dep ths  exceed ing  f o u r  m e t e r s  i n  two nearby  

p o l l u t e d  bays ,  Ka i lua  and Keauhou. At d e p t h s  o f  l e s s  t h a n  two m e t e r s ,  

E c h i n o t h r i x  diadema i s  t h e  most abundant  u r c h i n  i n  Keauhou Bay w h i l e  



H e t e r o c e n t r o t u s  i s  most  abundant  a t  t h i s  d e p t h  i n  Ka i lua  Bay. 

Echinometra mathae i  i s  t h e  most abundant  u r c h i n  i n  Honaunau Bay. 

The average  d e n s i t y  f o r  a l l  u r c h i n s  i n  Honaunau Bay i s  9 .0  p e r  s q u a r e  

m e t e r .  Excluding Echinometra  t h e  average  d e n s i t y  i s  2 . 3  p e r  square  m e t e r .  

These v a l u e s  a r e  comparable t o  d e n s i t i e s  i n  Kaawaloa Cove and a r e  h i g h e r  

t h a n  any o t h e r  a r e a s  i n  Kealakekua Bay. A s  was found i n  Kaawaloa Cove, 

u r c h i n  biomass d e c r e a s e s  q u i c k l y  w i t h  i n c r e a s i n g  d e p t h .  Due t o  t h e  lower 

d e n s i t i e s  o f  E c h i n o t h r i x  and H e t e r o c e n t r o t u s ,  t h e  a b s o l u t e  v a l u e s  a r e  

much lower i n  Honaunau Bay than  a t  Kaawaloa Cove. 

Although t h e  s m a l l  u r c h i n ,  Echinometra mathae i ,  i s  most abundant ,  

i n  terms o f  o v e r a l l  biomass H e t e r o c e n t r o t u s  i s  t h e  most impor tan t  u r c h i n  

i n  Honaunau Bay. It i s ,  however, s i g n i f i c a n t l y  l e s s  common t h a n  i n  

Kealakekua Bay. ~ h e s e  c o l o r f u l  u r c h i n s  a r e  o f  t e n  p r i z e d  a s  s o u v e n i r s ,  

and t h e  s p i n e s  a r e  made i n t o  wind chimes f o r  s a l e  by l o c a l  merchants .  

Th i s  g r e a t  abundance of  s l a t e  p e n c i l  u r c h i n s  does  make t h e  Kona Coast  

un ique  a s  e x c e p t i n g  i s o l a t e d  o t h e r  s i t e s  such  a s  Molokini  Reef on t h e  

i s l a n d  of  Maui. H e t e r o c e n t r o t u s  i s  n o t  common i n  Hawaii. 

I t  was determined from secondary p r o d u c t i v i t y  r a t e s  t h a t  t h e  t u r n -  

over  r a t e  o f  Kealakekua Bay u r c h i n s  i s  more t h a n  f i v e  y e a r s  and p robab ly  

c l o s e  t o  t e n  y e a r s .  Th i s  g i v e s  an i n d i c a t i o n  o f  t h e  r a t h e r  long  t ime i t  

would t a k e  a  community t o  r e p a i r  i t s e l f  i f  h a r v e s t e d  o r  o t h e r w i s e  damaged. 

The f a c t o r s  a f f e c t i n g  d i s t r i b u t i o n  and abundance o f  u r c h i n s  a r e  

o f t e n  l i s t e d  a s  d e p t h ,  s u b s t r a t e ,  exposure  t o  waves, food,  animal  behav- 

i o r  and chance.  With t h e s e  i n  mind t h e  d i s t r i b u t i o n  and d e n s i t i e s  of  

u r c h i n  p o p u l a t i o n s  i n  s e v e r a l  l o c a l i t i e s  were p l o t t e d .  However, t h e  

f i n d i n g  was t h a t  t h e  u r c h i n  p o p u l a t i o n s  were c o r r e l a t e d  w i t h  none o f  t h e  

above measurab le  p a r a m e t e r s ,  and t h a t  chance p r o b a b l y  p layed  a  major  r o l e  

i n  t h e i r  e s t a b l i s h m e n t .  What t h i s  means i s  t h a t  were t h e  u r c h i n  commun- 

i t y  t o  be wiped o u t ,  i n  a l l  l i k e l i h o o d  something d i f f e r e n t  would come 

back.  The p r e s e n t ,  un ique  assemblages p r o b a b l y  would n o t  r e t u r n . .  

I n  p o s t u l a t i n g  chance a s  a  major  d e t e r m i n i n g  f a c t o r  i n  u r c h i n  d i s -  

t r i b u t i o n  i t  was no ted  i n  t h i s  s t u d y  t h a t  c e r t a i n  f e a t u r e s  were n o t  a ssoc-  

i a t e d  w i t h  p h y s i c a l  o r  b i o l o g i c a l  f a c t o r s .  F o r  example, a t  Napoopoo 

L i g h t ,  E c h i n o t h r i x  was t h e  dominant u r c h i n ,  y e t  t h i s  s p e c i e s  was n o t  

p r e s e n t  a t  a  p h y s i c a l l y  s i m i l a r  s t a t i o n  one m i l e  s o u t h  o f  Honaunau Bay. 



T r i p n e u s t e s  was a l s o  d i f f e r e n t  between t h e s e  two s t a t i o n s  and,  a s  noted 

above,  t h e  s l a t e  p e n c i l  u r c h i n ,  H e t e r o c e n t r o t u s ,  i s  h i g h l y  impor tan t  i n  

most s i t e s  examined a l o n g  t h e  Kona Coast  y e t  i s  g e n e r a l l y  uncommon i n  

o t h e r  a r e a s  o f  t h e  M w a i i a n  i s l a n d  c h a i n .  

Whether H e t e r o c e n t r o t u s  h a s  always been r a r e , i n  o t h e r  a r e a s  i s  n o t  

known f o r  c e r t a i n .  Edmondson (1946) l i s t s  T r i p n e u s t e s  and E c h i n o t h r i x  a s  

common forms and s a y s  t h a t  H e t e r o c e n t r o t u s  " f r e q u e n t s  t h e  o u t e r  b o r d e r . o f  

t h e  r e e f  p l a t f o r m ,  b u t  young specimens a r e  sometimes s e e n  n e a r  t h e  shore . "  

T h i s  a p p l i e s  main ly  t o  Oahu. The impress ion  i s  g i v e n  by Edmondson t h a t  

H e t e r o c e n t r o t u s  c e r t a i n l y  h a s  n o t  been a  dominant e lement  o f  t h e  u r c h i n  

fauna  f o r  t h e  p a s t  70 y e a r s ,  i f  i t  e v e r  was. 

Urchins form a  segment o f  t h e  sha l low wate r  communities t h a t  

p r o b a b l y  r e c e i v e s  a  l a r g e  p o r t i o n  o f  t h e  energy from pr imary  p r o d u c t i o n  

by a l g a e .  The u r c h i n  p o p u l a t i o n  i n  Kaawaloa Cove does d e c r e a s e  w i t h  dep th  

o r  d a r k n e s s ,  s o  presumably i t s  numbers do depend r a t h e r  d i r e c t l y  upon 

pr imary  p r o d u c t i v i t y .  

P r e d i c t i o n s  of  t h e  r e s u l t s  o f  human a c t i v i t i e s  t o  t h e  u r c h i n  fauna 

must n a t u r a l l y  be  v e r y  t e n t a t i v e .  However, a  number o f  most p robab le  r e -  

s u l t s  can be sugges ted .  F i r s t ,  a n y t h i n g  t h a t  would tend t o  e l i m i n a t e  t h e  

l i v i n g  c o r a l  would p r o b a b l y  change t h e  s p e c i e s  compos i t ion  o f  u r c h i n s .  

The most l i k e l y  change would be  r e d u c t i o n  of  H e t e r o c e n t r o t u s  and a  pos- 

s i b l e  i n c r e a s e  of  T r i p n e u s t e s .  With t h e  a s s o c i a t e d  d e c r e a s e  i n  bottom 

r e l i e f ,  E c h i n o t h r i x  would a l s o  be  expec ted  t o  d e c r e a s e .  

E f f l u e n t  from c e s s p o o l  p e r c o l a t i o n  would i n c r e a s e  t u r b i d i t y  i n  t h e  

bay and,  through l i g h t  a t t e n u a t i o n ,  would d e c r e a s e  p r o d u c t i v i t y  w i t h  

dep th .  Such p r o c e s s e s  a r e  known t o  cause  s h a r p e r  u r c h i n  z o n a t i o n  w i t h  

fewer a t  lower dep ths .  The n e t  r e s u l t  would i n  a l l  p r o b a b i l i t y  be a n  

o v e r a l l  d e c r e a s e  i n  u r c h i n  biomass.  

Because i t  p r e s e n t l y  i s  n o t  known whether t h e  abundance o f  Hetero-  

c e n t r o t u s  on t h e  Kona Coas t  r e p r e s e n t s  a n  e c o l o g i c a l  c l imax  s i t u a t i o n  

( t h e  r e s u l t  o f  many communities succeed ing  each o t h e r  i n  e c o l o g i c a l  pro-  

g r e s s i o n  toward e q u i l i b r i u m ) ,  o r  i s  i n s t e a d  a  community formed by f a c t o r s  

o f  chance,  t h e  recovery  o f  a  bay a f t e r  a  marked b i o t i c  change i s  d i f f i -  

c u l t  t o  p r e d i c t .  



I f  t h e  a r e a  is a  c l imax  community, i t  would p robab ly  r e t u r n  t o  i t s  

o r i g i n a l  s t a t e .  On t h e  o t h e r  hand, i f  t h e  s p e c i e s  composi t ion were e s t a b -  

l i s h e d  by chance,  then  s e v e r e  damage would n o t  n e c e s s a r i l y  be  r e p a r a b l e .  

From t h e  d a t a  p r e s e n t e d  i n  t h i s  s t u d y ,  i t  a p p e a r s  l i k e l y  t h a t  chance i s  

impor tan t .  

It was p o i n t e d  o u t  t h a t  a  v e r i t a b l e  s e a - l i f e  e x h i b i t  i n  t h e  form 

o f  a sha l low,  p r o t e c t e d  i n l e t  i s  p r e s e n t  j u s t  west  o f  Hale-o-Keawe, and 

i t  i s  recommended t h a t  t h i s  e a s i l y  a c c e s s i b l e  b i o l o g i c a l  l a b o r a t o r y  and 

mar ine  d i s p l a y  be p r e s e r v e d  f o r  p u b l i c  e d i f i c a t i o n  and enjoyment.  It con- 

t a i n s  i n c r e d i b l y  l a r g e  p o p u l a t i o n s  o f  a t  l e a s t  f i v e  s p e c i e s  of  s e a  u r c h i n s ,  

c o l o r f u l  seaweeds and a s s o r t e d  o t h e r  t r o p i c a l  s e a  l i f e .  The i n l e t  c o u l d -  

e a s i l y  be  i n c o r p o r a t e d  i n t o  t h e  p a r k  t r a i l  system. 

The o n l y  l a r g e r  c r u s t a c e a n  s e e n  i n  numbers was t h e  " c l e a n i n g  

shr imp,"  Stenopus h i s p i d u s .  The p o p u l a t i o n  of  s p i n e y  l o b s t e r s  ( P a n u l i r u s  

j a p o n i c u s )  i n  Honaunau Bay was thought  s c a n t  c o n s i d e r i n g  t h e  amount o f  

c o v e r .  A s  p o i n t e d  o u t  above,  t h e i r  absence i s  a p p a r e n t l y  due t o  f a c t o r s  

o f  human f o r a g i n g  a s  t h e i r  numbers s h a r p l y  i n c r e a s e  moving s o u t h  toward 

u n i n h a b i t e d  r e g i o n s .  Kona c r a b s  (Ranina s e r r a t a )  a r e  commonly t rapped  a t  

sandy dep ths  of  60 mete r s  o f f  Alahaka Bay. 

Two underwater ,  750- foo t  s t a i n l e s s  s t e e l  t r a n s e c t  l i n e s  were e s t a b -  

l i s h e d  i n  Honaunau Bay and f i v e  i n  Kealakekua Bay. Over t h e s e  l i n e s  f i s h  

c o u n t s  were made q u a r t e r l y .  It was determined (Table  11)  t h a t  Honaunau 

Bay h a s  a n  average  o f  364 pounds and Kealakekua Bay h a s  a n  average  o f  

233 pounds of  f i s h  p e r  a c r e .  The r e a s o n  Honaunau Bay has  a  h i g h e r  b i o -  

mass o f  f i s h  t h a n  Kealakekua Bay i s  because  t h e  Kealakekua s u b s t r a t u m  a t  

g r e a t e r  d e p t h s  i s  l a r g e l y  sandy and w i l l  n o t  s u p p o r t  f i s h  i n  numbers. 

The a v e r a g e  count  o f  346 pounds o f  f i s h  p e r  a c r e  a t  Honaunau Bay 

i s  h i g h e r  than  h a s  been r e c o r d e d  e l sewhere  i n  t h e  Hawaiian I s l a n d s .  The 

second h i g h e s t  average  i s  a t  a  t r a n s e c t  p l a c e d  o f f  Ni ihau i n  a p r i s t i n e  

a r e a  p a r t i c u l a r l y  f a v o r a b l e  f o r  f i s h .  Here t h e  average  is 275 pounds p e r  

a c r e .  Off Waikiki ,  by comparison,  a n  average  o f  o n l y  148 pounds o f  f i s h  

p e r  a c r e  have been counted.  

One hundred and twenty-one d i f f e r e n t  s p e c i e s  o f  f i s h e s  were ob- 

s e r v e d  i n  Honaunau Bay and Kealakekua Bay, of  which 9 8  s p e c i e s  were  found 

i n  Honaunau and 110 i n  Kealakekua; 87 s p e c i e s  were recorded  on a l l  



TABLE 11. Pounds per  a c r e  of f i s h e s  i n  
Kealakekua Bay and Honaunau Bay, Hawaii. 

Kea lakekua, Bay Honaunau Bay 

S t a t  i on  
Survey 1 2 3 4 5 6 7 

Aug . 267 204 102 102 58 

Oct. 283 385 669 107 163 603 ,306 

Feb . 358 548 167 201 122 599 388 

MEAN 265 325 313 146 114 438 289 270 

.- * S t a t i o n  3 e s t a b l i s h e d  i n  August. 



t r a n s e c t s ,  and 13  s p e c i e s  were p r e s e n t  on a l l  t r a n s e c t s  du r ing  every  

survey .  Th is  i s  no t  s u r p r i s i n g  f o r  Honaunau Bay i s  minute  i n  s i z e  com- 

p a r a t i v e l y .  The most common f i s h  s p e c i e s  a r e  yel low t ang  (Zebrasoma 

f l a v e s c e n s )  and ko le  (Ctenochaetus  s t r i g o s u s ) .  

Numerous f i s h  s p e c i e s  a r e  commonly recorded i n  Honaunau Bay bu t  

no t  i n  Kealakekua Bay, and v i c e  v e r s a .  Th is  r e f l e c t s  e c o l o g i c a l  n i ches  

t o  which c e r t a i n  s p e c i e s  a r e  adap ted .  For example, S t a t i o n  6 (Fig.  30) 

i s  s i t u a t e d  on a  s t e e p  shoulder  o r  d rop-of f  b lanke ted  by f i n g e r  c o r a l  

( P o r i t e s  compressa) w i th  t h e  r e d  a l g a ,  To lyp ioc l ad i a ,  growing i n  t h e  i n -  

t e r s t i c e s .  No o t h e r  s t a t i o n  ha s  q u i t e  t h i s  exposure and topography, and 

two s p e c i e s  i n  g r e a t  abundance h e r e  bu t  uncommon elsewhere  a r e  Acanthurus 

g u t t a t u s  and Naso u n i c o r n i s .  S i m i l a r l y  such f i s h e s  adapted t o  s p e c i a l  

c o n d i t i o n s  a r e  a s s o c i a t e d  w i th  each o f  t h e  v a r i o u s  t r a n s e c t s .  Th is  i s  an  

example o f  t h e  d e l i c a c y  o f  e c o l o g i c a l  n i c h e s ,  and a l t e r i n g  t h e  environment 

i n  some way can e a s i l y  t r i g g e r  a  s e r i e s  o f  minor changes w i th  t h e  cumula- 

t i v e  e f f e c t  of de s t roy ing  such n i ches  and t h e  marine l i f e  a s s o c i a t e d  wi th  

them. 

Kole (Ctenochaetus  s t r i g o s u s )  i s  a  common s p e c i e s  of  f i s h  through- 

o u t  t h e  i s l a n d s  whereas Hawaiian k o l e  (C. h awa i i ens i s )  i s  common i n  Honau- 

nau Bay, bu t  uncommon i n  most a r e a s  of t h e  Hawaiian I s l a n d s .  These s p e c i e s  

l i v e  between boulders  and c o r a l  mounds and feed  on microorganisms. J u s t  

why t h e  l a t t e r  i s  common h e r e  i s  no t  known. 

The s h a r k  popu l a t i on  i n  nearby  Kealakekua Bay was q u a n t i t a t i v e l y  

e s t ima t ed  a s  moderate.  None was s e e n  i n  Honaunau Bay. T u r t l e s  were r e -  

p o r t e d  s i n g l y  and i n  p a i r s  w i t h i n  Honaunau Bay every  t h i r d  day o r  s o  by 

members o f  t h e  survey teams. 

There  i s  a  r e s i d e n t  school  of  sp inne r  po rpo i s e s  ( S t e n e l l a  sp . )  i n  

much l a r g e r  Kealakekua Bay. From 30 t o  80 members a r e  v a r i o u s l y  es t im-  

a t e d ,  and t h e  animals  a r e  s o  tame t h a t  c o n s i d e r a t i o n  ha s  been g iven  t o  

t r a i n i n g  t h e  school  i n  t h e  w i l d  a s  a  t o u r i s t  d i s p l a y  and f o r  u s e  i n  

s c i e n t i f i c  r e s ea r ch .  During t h e  p r e s e n t  survey ,  members of  t h e  school  

were o f t e n  observed i n  Honaunau Bay du r ing  t h e  morning hou r s .  They ap- 

proached t h e  head o f  t h e  bay, bu t  always remained i n  t h e  v i c i n i t y  of  t h e  

deep t r ench  a long  t h e  s o u t h - f a c i n g  shore .  



A s  i n d i c a t e d  above,  t h e r e  i s  a n  i n t i m a t e  r e l a t i o n s h i p  between a  

s h o r e l i n e  and c o n d i t i o n s  on nearby l and  masses .  Land u s e  i s  r e f l e c t e d  i n  

t h e  n a t u r e  o f  t h e  f r e s h w a t e r  r u n o f f ,  and t h i s  i n  t u r n  r e f l e c t s  on t h e  

marine  b i o t a  s u b j e c t e d  t o  i t .  For t h i s  r e a s o n ,  a  s t u d y  was under taken  o f  

t h e  p r e s e n t  v e g e t a t i o n  t y p e s  on t h e  l and  s u r r o u n d i n g  Honaunau Bay. 

Throughout t h e  r e g i o n  t h e  v e g e t a t i o n  p redominan t ly  c o n s i s t s  o f  

s p e c i e s  i n t r o d u c e d  t o  Hawaii s i n c e  t h e  t ime o f  C a p t a i n  Cook. The o n l y  

a r e a  where p l a n t s  p r e v i o u s l y  p r e s e n t  a r e  a t  a l l  common i s  on t h e  c l e a r e d  

and r e - p l a n t e d  grounds o f  t h e  C i t y  o f  Refuge N.  H. P. 

A r e c r e a t i o n  o f  t h e  pre-European s c e n e  h a s  been under taken  a t  t h e  

p a r k  w i t h  some s u c c e s s .  However, t h e  C i t y  o f  Refuge p r o j e c t  has  invo lved  

t h e  u s e  o f  h e r b i c i d e s ,  and c a u t i o n  shou ld  be e x e r c i s e d  whenever l a r g e  

doses  o f  h e r b i c i d e s  a r e  employed t o  avo id  permanent b u i l d u p s  o f  r e s i d u e s  

i n  t h e  s o i l ,  and e s p e c i a l l y  t o  avo id  r u n o f f  i n t o  Honaunau Bay where s i g -  

n i f i c a n t  e c o l o g i c a l  changes might  o c c u r .  Mechanical  means o f  c o n t r o l  a r e  

p r e f e r r e d  whenever f e a s i b l e .  

Apar t  from c l e a r e d  a r e a s ,  t h e  predominant v e g e t a t i o n  t y p e  i n  t h e  

e n v i r o n s  of  Honaunau Bay and Alahaka Bay today i s  a  mixed, thorny s c r u b  

f o r e s t  of  opiuma ( P i t h e c e l l o b i u m  du lce )  and ekoa (Leucaena l eucocepha la ) .  

Another member o f  t h e  pea f a m i l y ,  kiawe ( P r o s o p i s  p a l l i d a ) ,  i s  a l s o  ve ry  

abundant h e r e .  Some o f  t h e  b o t a n i c a l l y  more i n t e r e s t i n g  p l a n t s  p e r s i s t -  

i n g  i n  t h e  e n v i r o n s  a r e  l i s t e d  on Tab le  43. I n  c o n c l u s i o n ,  however, 

t h e r e  appears  no compel l ing  b o t a n i c a l  r e a s o n  f o r  p r e s e r v i n g  t h e  vege ta -  

t i o n  a t  Honaunau i n  i t s  p r e s e n t  weedy s t a t e .  

There  i s  an o p p o r t u n i t y  h e r e  t o  observe  t h e  unexp la ined  phenomenon 

o f  d i f f e r e n t i a l  growth o f  p l a n t s  on t h e  d i f f e r e n t  l a v a  f lows .  A g i v e n  

s p e c i e s  w i l l  o f t e n  b e  abundant o r  grow t o  l a r g e  s i z e  on one flow w h i l e  on 

a n  a d j a c e n t  f low i t  may be a b s e n t  o r  s m a l l  i n  s i z e  o r  numbers. These 

phenomena a r e  o f t e n  w i t h o u t  c o r r e l a t i o n  w i t h  a g e  o r  any a p p a r e n t  p h y s i c a l  

c o n d i t i o n s .  

Na t ive  s h o r e  b i r d s  t h a t  i n h a b i t  t h e  Honaunau r e g i o n  a r e  t h e  p l o v e r ,  

wandering t a t t l e r  and t h e  ruddy t e r n  s t o n e s .  Common i n t r o d u c e d  b i r d s  a r e  

t h e  myna, doves ,  c a r d i n a l s  and whi te  eye.  The o n l y  n a t i v e  mammal i n  t h e  

p a r k  i s  t h e  Hawaiian b a t . .  The mongoose was i n t r o d u c e d  i n t o  t h e  Kona a r e a  

many y e a r s  ago and i s  q u i t e  p r e v a l e n t  a t  t h e  p a r k .  



I n  conc lus ion ,  Honaunau Bay and i t s  shores  a r e  o f  n a t i o n a l  monument 

q u a l i t y  now f o r  t h e  tnarine l i f e .  Th is  s i t u a t i o n  i s  t h r e a t e n e d  by p r e s e n t  

p r a c t i c e s  and popu l a t i on  p r e s s u r e  l a r g e l y  o f  economic s o r t s .  Both of 

t h e s e  t h r e a t s  a r e  smal l  and could be c o n t r o l l e d  by enforced  l e g i s l a t i o n  

and p o l l u t i o n  c o n t r o l  measures  t o  t h e  end t h a t  an  unusua l l y  a t t r a c t i v e  

mar ine  pa rk  remains a v a i l a b l e  t o  Hawai i ' s  people  and t h e i r  v i s i t o r s  from 

abroad.  
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